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E.00 EXECUTIVE SUMMARY

Project ER-0707 has validated two improved methods for evaluation of vapor intrusion at
corrective action sites: 1) a Tier 2 screening procedure for evaluation of vapor intrusion from
VOCs in groundwater at sites with fine-grained soils at the top of the water table and ii) a
streamlined Tier 3 investigation program using building pressure control for application at sites
that require building-specific investigations.

E.1 PROJECT OBJECTIVES

For many corrective action sites with VOCs in groundwater, the current regulatory framework
requires a building-specific investigation of vapor intrusion if the concentrations of specific
VOC:s such as PCE, TCE or benzene in groundwater are above federal drinking water standards
and buildings are present within 100 ft (e.g., USEPA, 2002). In many cases, the scope of the
required building-specific investigation is not clearly defined in applicable regulatory guidance.
However, multiple sampling events are increasing being required to characterize potential
temporal variability in vapor intrusion.

The overall objective of this project has been to develop and validate simple procedures for 1)
Tier 2-level site-specific evaluation and screening, and ii) limited Tier 3 field investigation of the
vapor intrusion pathway. These procedures utilize easily obtained site-specific information to
support a realistic site-specific pathway assessment that, in many cases, requires significantly
less effort than is currently required. The Tier 2 screening procedure is applicable to sites with
fine-grained soils at the water table that serve to reduce the migration of VOCs from
groundwater to deep soil gas. At these sites, the reduced migration of VOCs into the vadose
zone justifies application of higher groundwater screening concentrations for the vapor intrusion
pathway (i.e., screening concentrations 100x higher than the default, Tier 1, screening
concentrations developed to be protective for all sites). The Tier 3 investigation procedure is
applicable to sites that require testing of indoor air for the evaluation of vapor intrusion. The
Tier 3 procedure involves the collection in indoor air samples under controlled negative pressure
building conditions (i.e., with vapor intrusion “on”) and controlled positive pressure building
conditions (i.e., with vapor intrusion “off”). This investigation procedure reduces the need for
multiple sampling events by ensuring that conditions are favorable for vapor intrusion during the
scheduled sampling event. In addition, the procedure identifies the contribution of indoor
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sources by characterizing indoor air quality when vapor intrusion is “off”. Finally, the procedure
can be implemented without the collection of sub-slab samples, reducing the scope and
intrusiveness of the building sampling program.

E.2 TECHNOLOGY DEMONSTRATION

The Tier 2 screening procedure was validated though a field demonstration conducted at seven
sites while the Tier 3 investigation procedure was validated through a field demonstration
conducted at six sites (see Table E.1).

Table E.1: Demonstration Sites

Site Name Site Location Type of Demonstration

Former Pioneer Dry Cleaner Houston, Texas Tier 2

Travis AFB Fairfield, California Tier 2 and Tier 3
Naval Air Station, Jacksonville Jacksonville, Florida Tier 3

Parris Island Marine Base Parris Island, South Carolina Tier 2* and Tier 3
Tinker AFB Oklahoma City, Oklahoma Tier 2 and Tier 3
Hill AFB Layton, Utah Tier 2 and Tier 3
Moffett Field NAS Moffett Field, California Tier 3

SPAWAR OTC Facility San Diego, California Tier 2

NIKE Battery Site PR-58 N. Kingstown, Rhode Island Tier 2

Industrial Site Southeast Texas Tier 2

Note: * = Tier 2 demonstration not completed due to the presence of groundwater at a depth of less than 5 ft bgs.

E.2.1 Tier 2 Demonstration

At each Tier 2 demonstration site, the field program involved: i) measurement of soil
characteristics though field and laboratory measurements in order to determine the best method
for identification of sites with fine-grained soils at the water table and ii) measurement of VOC
concentrations in groundwater and soil gas in order to determine the VOC attenuation from
groundwater to deep soil gas (see Figure E.1). At each demonstration site, the measurements
were conducted three locations in order to determine the consistency in results across the site.
This demonstration program yielded groundwater to deep soil gas attenuation factors for seven
sites covering a range of soil characteristics allowing validation of the hypothesis that VOC
attenuation is higher at sites with fine-grained soils at the water table.
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Figure E.1: Conceptual plan for field validation of Tier 2 vapor intrusion screening

criteria.

E.2.2 Tier 3 Demonstration

At each Tier 3 demonstration site, the field involved: i) control of building pressure to create
negative and then positive building pressure conditions, ii) measurement of pressure gradients
across the building envelope and building foundation, and iii) measurement of radon, indoor
tracer gas, and VOC concentrations in in indoor air and sub-slab soil gas under each pressure
condition (see Figure E.2). At two of the demonstration sites (Hill AFB and Moffett Field),
measurements were made under baseline (uncontrolled) building pressure conditions and at these
two locations, the procedure was conducted twice in order to evaluate the reproducibility of the
results. The results of the demonstration program supported an evaluation of i) the ability to
evaluate building foundation permeability based on measurement of cross-foundation pressure
gradients, ii) the effect of building pressure control on the movement of soil gas into buildings,
and iii) the utility of sampling under controlled building pressure conditions for the evaluation of
vapor intrusion.
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Figure E.2: Conceptual basis for validation of Tier 3 evaluation of vapor intrusion.

E.3 DEMONSTRATION RESULTS

The results from the field demonstrations served to validate both the Tier 2 screening procedure
and the Tier 3 investigation procedure.

E.3.1 Results from Tier 2 Demonstration

The field investigation program demonstrated higher attenuation of VOCs from groundwater to
deep soil gas at sites with fine-grained soils at the water table (see Table E.2). The geometric
mean attenuation factor for the fine-grained soil sites was 3.5 x 10” while the geometric mean
attenuation factor for coarse-grained soil sites was 1.9 x 107, a 500-fold difference in attenuation
between the two types of sites. Based on this observed difference in VOC attenuation, we
recommend that groundwater screening concentrations at fine-grained soil sites can be increased
by 100x over the default (i.e., Tier 1) screening values determined to be protective for all types
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of sites. The 100x increase is a conservative accounting of the increased VOC attenuation
observed at fine-grained soil sites.

Table E.2: Groundwater to deep soil gas attenuation factors measured at the
demonstration sites

Site [ Attenuation Factor (GW to Deep SG)"
Sites Classified as Fine-Grained Soils at the Water Table
Fmr. Pioneer Cleaners <8.5x 10°
Tinker AFB 33x 107 (<2.5x10°-2.2x 107
SPAWAR OTC 1.5x10° (1.4x 107 - 1.5x 10”)
Sites Classified as Medium or Coarse-Grained Soils at the Water Table
Travis AFB’ 1.0x 107 (1.0x 10°-2.9x 107
NIKE Battery PR-58 33x10° (2.8x10%-2.1x107)
Hill AFB 2.8x107(1.7x10°—52x 107)
SE Texas Industrial Site 0.15 (0.026 - 0.61)

(1) Geometric mean (range) of 5 to 6 individual groundwater to deep soil gas attenuation factors except for Former Pioneer Cleaners site. At
Former Pioneer Cleaners site, attenuation factor calculated based on maximum VOC concentration in groundwater and VOC detection limit
in soil gas because no VOCs were detected in any soil gas samples.

(2) Travis AFB was classified as a Medium or Coarse-Grained soil site based on the field measured soil permeability. For Travis AFB, visual
inspection of the soil cores yielded a Fine-Grained Soils classification. Travis AFB was the only site where these two methods yielded
different classification results.

The demonstration program evaluated a number of methods for accurate identification of fine-

grained soil sites. Field-measured soil permeability was found to be the most accurate

. . . . o -9 2. 4. .
classification method with a field-measured soil permeability of less than 1 x 10~ cm” indicative
of a fine-grained soil site with high VOC attenuation from groundwater to deep soil gas. The
determination of soil type based on visual inspection of soil cores as reflected in the soil boring
logs provided an accurate classification for six of the seven demonstration sites. Travis AFB was
classified as Medium or Coarse-Grained based on the field-measured soil permeability but Fine-

Grained based on visual inspection of the soil cores. Laboratory measured native hydraulic

conductivity and soil moisture content were not determined to be useful for site classification.

E.3.2 Results from Tier 3 Demonstration

The field investigation program demonstrated that a building-specific investigation program
utilizing sampling under controlled building pressure conditions provides an improved
understanding of the potential for vapor intrusion in the building. The control of building
pressure successfully controlled the flow of soil gas through the building foundation. Controlled
negative building pressure supported the flow of soil gas into the building, as documented by
radon concentrations in indoor air greater than the concentration in ambient air. Controlled
positive building pressure suppressed the flow of soil gas into the building, as documented by
radon concentrations in indoor air equal to the concentration in ambient air (see Figure 6.3.2).
The response of VOCs originating from the subsurface was similar to radon. In contrast, the
indoor air concentration of VOCs originating from above ground sources showed little difference
between the negative and positive pressure conditions.

An expanded version of the Tier 3 demonstration program was implemented in two buildings
(ASU Research House at Hill AFB, and Building 107 at Moffett Field). This expanded program
included sampling under baseline (uncontrolled) conditions and two rounds of sampling to
evaluate reproducibility. For both of these buildings, the results from the two rounds were
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comparable, demonstrating that the procedure provides reproducible results. At the ASU
Research House, no vapor intrusion was observed under baseline conditions. However, vapor
intrusion was induced under negative pressure conditions. Other data collected from the house
indicates episodic vapor intrusion occurs under uncontrolled conditions (i.e., vapor intrusion
occurs during some time periods but not others). The results from this building demonstrate that
the Tier 3 investigation procedure reduces the uncertainty associated with temporal variability in
vapor intrusion.

E4 COST ASSESSMENT

Both of the validated procedures have the potential to reduce vapor intrusion investigation costs.

E.4.1 Cost for Implementation of the Tier 2 Screening Procedure

The Tier 2 screening procedure involves 1) identification of sites with fine-grained soils at the
water table and ii) application of a 100x adjustment factor to Tier 1 screening criteria to account
for higher VOC attenuation observed at such sites (see Section 6.4). The estimated time required
to implement and document this procedure ranges from three hours (using visual inspection of
soil cores or boring logs) to 10 hours (using field measurement of soil permeability). Assuming
a labor rate of $100/hr, the estimated cost for implementation of this screening procedure at
a site is $300 to $1000. For sites where application of the higher groundwater screening
concentration eliminates the need to conduct an additional evaluation of the vapor intrusion
pathway, application of the screening procedure is likely to save at least $10,000. The actual
cost saving will depend on the scope of the avoided field investigation (e.g., the number of
buildings where additional investigation is not required).

E.4.2 Cost for Implementation of the Tier 3 Investigation Procedure

The Tier 3 investigation procedure described in Section 6.5 involves manipulating building
pressure and collecting air samples during 3 different pressure conditions: baseline, negative
pressure, and positive pressure. Estimated costs to implement the Tier 3 procedure are shown in
Table 7.2.2. The sampling itself takes place over the course of 3 days, with 4 to 6 hours per day
for each of two persons assumed for equipment checks, setup and pickup. Assuming labor rates
of $100/hr for a project scientist/engineer and $150/hr for a senior scientist/engineer, the
estimated cost for implementation of Tier 3 investigation procedure is $8,600 per building
including project planning and reporting costs. This cost estimate assumes that the program
is implemented by an experienced field team and that the program is conducted at four or more
buildings at a single site. The cost for initial implementation by an inexperienced team or for
implementation at one to three buildings at a single site would be higher. Using similar
assumptions, the estimated cost for implementation of typical building sampling program (i.e.,
collection of indoor and sub-slab samples under uncontrolled conditions) is $7,800. Thus the
Tier 3 procedure is more expensive than a single round of traditional sampling. However, the
procedure is less expensive than two or more rounds of traditional sampling.
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1.0 INTRODUCTION

This report presents the results from ER-0707, Protocol for Tier 2 and Tier 3 Evaluation of
Vapor Intrusion at Corrective Action Sites.

1.1 BACKGROUND

Since 2000, regulators and the regulated community have become increasingly concerned about
the potential for exposure to volatile organic compounds (VOCs) through vapor intrusion to
indoor air at sites with contaminated soil or groundwater. Relatively few vapor intrusion case
studies are available in the published literature (e.g., Folkes et al., 2009; Eklund and Simon,
2007; DiGiulio and Paul, 2006; Sanders and Hers, 2006). However, detailed investigations at a
limited number of corrective action sites have documented elevated levels of chlorinated VOCs
in houses located above contaminated groundwater (Tillman and Weaver, 2005; DiGiulio, Paul
et al., 2006). In response, the United States Environmental Protection Agency (USEPA) and
many state regulatory agencies have issued guidance specifying screening and field investigation
procedures for the identification of vapor intrusion impacts at corrective action sites. Although
the specific recommended investigation procedures vary significantly between guidance
documents, the majority of these documents utilize a step-wise evaluation process that includes
preliminary screening followed by field investigation, if needed. Of the available regulatory
guidance on vapor intrusion, the USEPA guidance (USEPA, 2002) is currently most widely
applied. This guidance document has been formally adopted by some states (e.g., Ohio) and is
also widely used in states that have not issued their own guidance documents. The USEPA
Vapor Intrusion Guidance recommends the following step-wise evaluation approach:

Presence of Volatile Chemicals: Vapor intrusion is a potential concern at sites with soil or
groundwater impacted by volatile chemicals. Corrective action sites without volatile
chemicals (typically defined by vapor pressure and/or Henry’s Law constant) require no
further evaluation for vapor intrusion. Example volatility criteria are as follows:

» USEPA (2002): Volatile chemicals are defined based on Henry’s Law Constant of
greater than 1 x 10~ atm-m’/mol.

» NIJDEP (2006): Volatile chemicals are defined based on Henry’s Law Constant of
greater than 1 x 10~ atm-m’/mol and a vapor pressure of greater than 1 mm Hg.

Pathway Screening Criteria: For sites with volatile chemicals in soil or groundwater, most
regulatory guidance provides conservative screening criteria for preliminary evaluation of the
vapor intrusion pathway. Screening criteria are typically provided for groundwater and soil
gas and less commonly for soil. These criteria are typically used to evaluate the likelihood of
whether VOCs are migrating away from a source area at concentrations that could cause a
vapor intrusion impact. Although exceedances of these criteria do not indicate that a vapor
intrusion impact has occurred or will occur, additional investigation of vapor intrusion is
required if the maximum VOC concentration is greater than the screening value within a
defined distance (typically 100 feet [ft]) of a vapor intrusion receptor (i.e., a current or future
building). For some common chemicals of concern (COCs), the USEPA screening criteria

Final Report: Proposed Tier 2 Screening Version 3 — July 2012
Criteria and Tier 3 Field Procedures for ER-200707
Evaluation of Vapor Intrusion



for groundwater are equal to drinking water standards. In addition, some soil gas screening
criteria are less than or equal to analytical detection limits. As a result, few corrective action
sites are screened out of further evaluation using these criteria.

Building-Specific Evaluation: For sites with volatile chemicals present at concentrations
above the screening criteria, most guidance documents require a field investigation to
determine the presence or absence of vapor intrusion impacts to near-by buildings
(commonly defined as within 100 ft of VOC impacts). When conducting a site-specific field
investigation, the USEPA guidance recommends collection of below-foundation (i.e., sub-
slab) gas samples followed by simultaneous below-foundation and indoor air samples, if
needed. The USEPA guidance raises a number of data quality issues to be addressed as part
of the field investigation including: indoor sources of VOCs (background), spatial variability,
temporal variability, and sample collection and analytical variability. However, the guidance
document does not provide a clear recommendation on the amount of data needed to account
for these sources of variability and to make a definitive determination of the presence or
absence of a vapor intrusion impact. In the absence of clear guidance on the scope of the
field investigation, the investigation approaches adopted by individual investigators have
varied widely. As a result, disagreements may arise between parties involved at a site
regarding the adequacy of a field investigation at a specific building.

Although most state vapor intrusion guidance documents utilize a step-wise investigation
approach similar to the USEPA guidance, most guidance documents utilize very low screening
criteria for the preliminary evaluation and some states (e.g., New York) do not allow screening
based on subsurface VOC concentrations, but instead require indoor air testing at all field
investigation sites (NYDOH, 2006). In addition, the USEPA has indicated that revised vapor
intrusion guidance due in 2012 is unlikely to allow screening of the vapor intrusion pathway
based solely on soil gas concentration results (USEPA, 2010). As a result, field investigations of
the vapor intrusion pathway are required at a majority of sites with subsurface volatile chemical
impacts.

1.2 OBJECTIVE OF THE DEMONSTRATION

The overall objective of this project has been to develop simple procedures for i) Tier 2-level
site-specific evaluation and screening, and ii) limited Tier 3 field investigation of the vapor
intrusion pathway. These procedures utilize easily obtained site-specific information to support
a realistic site-specific pathway assessment involving significantly less effort than is currently
required. The specific project objectives are as follows:

e Evaluate soil texture and moisture content as factors affecting attenuation of VOCs
migrating from groundwater into deep soil gas.

e Develop a Tier 2 vapor intrusion pathway screening procedure that incorporates the effect
of soil texture and moisture content on VOC attenuation across the groundwater
interface.

e [Evaluate the utility of building pressure control to provide an improved understanding of
the impact of vapor intrusion and indoor sources of VOCs on indoor air quality.
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e Develop a Tier 3 focused field investigation procedures for the evaluation of vapor
intrusion based testing under controlled building pressure.

e Validate the Tier 2 screening procedure and Tier 3 focused field investigation by
application at well characterized vapor intrusion sites.

The progress and results of this demonstration have been documented in a series of reports as
follows:

1) Proposed Tier 2 Screening Criteria And Tier 3 Field Procedures For Evaluation Of
Vapor Intrusion (Issued February 2008; Revised August 2008): Documents results of
literature review and survey and presents Tier 2 and Tier 3 vapor intrusion evaluation
procedures for field validation.

2) Demonstration Plan for Field Validation Program (Issued June 2008, Revised October
2008): Provides detailed design of field validation program for Tier 2 and Tier 3 vapor
intrusion evaluation procedures. Also presents selection of the first set of sites for the
field demonstration.

3) Results and Lessons Learned Interim Report (Issued October 2009, Revised April 2010):
Presents interim results from 3 demonstration sites for Tier 2 procedure and 4 field
demonstration sites for Tier 3 procedure. Note that project plan provides for a go-no go
decision point following completion of investigations at the first set of demonstration
sites.

4) FEinal Report (This Report) and Cost and Performance Report: Presents final results
from all field demonstration sites and presents validated Tier 2 and Tier 3 protocols for
evaluation of vapor intrusion.

1.3 REGULATORY DRIVERS

At a limited number of sites in the U.S., migration of volatile organic compounds (VOCs) from
affected groundwater via vapor phase diffusion has impacted indoor air quality in overlying
structures, posing a potentially significant, yet previously unrecognized human health concern
for such properties. To address this concern, the USEPA has issued the “Draft Guidance for
Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils,” (USEPA
2002), providing conservative screening criteria for various VOCs in groundwater. As discussed
in Section 1.1, these conservative screening values eliminate few sites and, as a result, a majority
of sites with VOCs in groundwater require field investigation of the vapor intrusion pathway.
The high level of conservatism in the USEPA and state guidance reflects the current limitations
of our understanding of the physical and chemical processes that contribute to the attenuation of
vapors along the vapor intrusion pathway. Development of a validated Tier 2 vapor intrusion
screening procedures will serve to reduce the number of sites where detailed field investigations
are required to evaluate the vapor intrusion pathway. Development of a validated Tier 3 vapor
intrusion investigation procedure will improve the efficiency of the sites-specific filed
investigation, when required.
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2.0 TECHNOLOGY

This technology demonstration project has developed and validated i) a Tier 2 vapor intrusion
screening procedure based on easily measured site-specific characteristics, and ii) a streamlined
Tier 3 evaluation procedure to determine the presence or absence of a vapor intrusion impact to a
specific building. The screening procedures can be used individually or together to provide
maximum flexibility for cost-effective evaluation of vapor intrusion at each site.

2.1 TECHNOLOGY DESCRIPTION

Tier 2 Screening Procedures: The groundwater-soil gas interface is a key target for site-specific
evaluation because: 1) transport across this interface varies significantly (>100x) between sites
making the Tier 1 default overly conservative for a large proportion of sites evaluated, and ii)
easily obtained site-specific data can be used to support a less conservative evaluation. At the
groundwater-soil gas interface, a high moisture content, fine-grained soil layer serves as a
significant barrier to the vertical migration of VOCs towards buildings. As a result, VOC
attenuation along the vapor intrusion pathway at sites with these soil layers can be much higher
than at sites where these barriers to vertical diffusion are absent.

For this demonstration, we measured VOC attenuation from shallow groundwater through the
soil column at seven sites exhibiting a variety of soil-type characteristics. Sample collection and
analysis was conducted in a consistent manner across the sites, providing a comparable data set
for accurate assessment of the differences in VOC attenuation between these sites. The results of
this demonstration serve to document the higher VOC attenuation that occurs at sites with fine-
grained soils at the water table. This, in turn, validates the use of higher Tier 2 screening criteria
at sites with these documented soil conditions.

Streamlined Tier 3 Evaluation Procedure: When using indoor air sampling to evaluate vapor
intrusion, an investigator must address two confounding issues: i) indoor sources of VOCs, and
i1) temporal variability in vapor intrusion. The Tier 3 evaluation procedure addresses both of
these issues using a streamlined investigation program that can be completed during a single
three-day sampling event. This streamlined investigation protocol uses induced negative
building pressure to ensure that vapor intrusion is “on” during one sample event and induced
positive building pressure to ensure that vapor intrusion is “off” during a second sampling event
(see Figure 2.1.1). Because radon is a naturally-occurring tracer for soil gas, radon
concentrations in indoor air can be used to verify the effectiveness of the induced building
pressure for controlling the movement of soil gas into the building. VOC concentration results
for indoor air ambient air samples collected during these two sample events are used to identify
the primary sources of detected VOCs.

For this project, the pressure control investigation procedure was demonstrated in six buildings.
The results indicate that small (approximately 1Pa) pressure gradients are sufficient to control
the flow of soil gas through the building foundation. VOC concentrations measured in indoor air
under these controlled building pressure conditions can be used to identify the primary source of
the VOCs and to evaluate the potential for vapor intrusion for a range of building pressure
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conditions. These results validate the use of the streamlined Tier 3 investigation procedure for
the evaluation of vapor intrusion at sites where a building-specific investigation is required.

Controlled
negative
building

pressure:
Vapor
intrusion is
“On”

Controlled
positive
building

pressure:
Vapor
intrusion is
“Off”

Figure 2.1.1: Conceptual illustration of building pressure control for the building-specific
evaluation of vapor intrusion

2.2 TECHNOLOGY DEVELOPMENT

The two vapor intrusion evaluation procedures were developed during the first phase of this
project based on a review of regulatory guidance documents and peer-reviewed literature and
survey of vapor intrusion experts. The goals of this review and survey were 1) to identify key
points along the vapor intrusion pathway were the magnitude of VOC attenuation is expected to
vary significantly between sites, and ii) to develop investigation procedures for these points that
could be used to support an improved evaluation of the vapor intrusion pathway. Based on the
results of the review and survey, the project was focused on two key interfaces: i) the
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groundwater-vadose zone interface, and ii) the building foundation. For each of these two
interfaces, investigation methods were developed that would provide an improved site-specific
understanding of vapor intrusion. Following completion of the first half of the demonstration
program, both investigation procedures were refined through minor adjustments. The initially-
proposed procedures and their bases are described in the project report Proposed Tier 2
Screening Criteria And Tier 3 Field Procedures For Evaluation Of Vapor Intrusion (Issued
February 2008; Revised August 2008). The final refined procedures and the basis for the
modifications are documented in the project report Results and Lessons Learned Interim Report
(Issued October 2009, Revised April 2010). These procedures are summarized below.

Tier 2 Screening Procedure, Sites with Confining Layers or Fine Grained Soils at the
Groundwater Interface: The review and survey conducted to identify key interfaces along the
vapor intrusion pathway highlighted importance of high-moisture-content fine-grained soils for
limiting the diffusion of VOCs from groundwater into the vadose zone. This suggested that
VOC migration from a confined aquifer to vadose-zone soils will be limited. In addition, VOC
migration from groundwater at unconfined aquifer sites with fine-grained soils is likely to be
significantly lower than at sites with coarse-grained soils. Our hypothesis was that we would
observe at least 10x greater VOC attenuation at sites with fine-grained soils at the groundwater
interface as compared to sites with coarse-grained soils.

Use of groundwater interface soil type for Tier 2 screening would involve the following steps:

« Evaluation of Soil Type at Water Table: Demonstration of a fine-grained soil layer above
the groundwater interface based on either evaluation of soil boring logs or field
measurement of soil permeability in the deep vadose zone.

» Tier 2 Screening Values: For sites with these fine-grained soil conditions, the VOC
attenuation measured through the Tier 2 demonstration program should support
groundwater screening values higher than the generic Tier 1 screening values. Although
the original project hypothesis was that at least 10x higher attenuation would be observed
at fine-grained soil sites, the observed difference in attenuation was 500x. Based on the
results of this field validation program, a 100x adjustment to Tier 1 screening values is
recommended based on the documentation of fine-grained soils at the water table.

The impact of an aquifer confining layer or fine-grained soil layer on VOC attenuation has been
evaluated through the measurement of soil conditions and VOC concentrations at seven
demonstration sites. The demonstration sites have been selected to cover sites with a range of
soil characteristics in order to clearly document the differences in VOC attenuation between
sites.

Tier 3 Investigation Procedure, Use of Building Pressure Control: Although building foundation
permeability has been identified as an important site characteristic for vapor intrusion, the peer-
reviewed literature and regulatory guidance do not provide accepted methods for the evaluation
of foundation permeability. The proposed Tier 3 investigation procedure included two
components: 1) a method to evaluate building foundation permeability, and ii) a streamlined
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sampling program to evaluate the potential for vapor intrusion at a building and to identify the
sources of VOCs detected in indoor air through a single sampling event.

Although measurement of building foundation permeability did not prove useful, the Tier 3
procedure of measuring VOC concentrations in indoor air under controlled building pressure
conditions was validated. Use of building pressure control for an expedited Tier 3 field
evaluation would involve the following steps:

» Control of Building Pressure: Control building pressure conditions using a fan in a
window or door to create negative building pressure and positive building pressure.

» Measurement of Vapor Intrusion During Controlled Building Pressure: Measure VOC
and radon concentrations in indoor air during the induced negative building pressure
event to evaluate indoor air quality under conditions that support vapor intrusion and
measure VOC and radon concentrations in indoor air during an induced positive building
pressure event to evaluate indoor air quality under conditions that inhibit vapor intrusion.
The program of sampling under controlled building pressure conditions controls for
temporal variability in buildings with episodic vapor intrusion and provides an improved
ability to distinguish between indoor and subsurface sources of VOCs.

» Vapor Intrusion Determination: Based on the effect of building pressure on indoor air
quality, the potential for vapor intrusion impacts to building is determined in a single
sampling event.

As discussed in Sections 5 and 6 of this report, our demonstration results have validated the use
of building pressure control to identify the sources of VOCs detected in indoor air and to
mitigate temporal variability in vapor intrusion. However, the demonstration results have not
shown that measurement of building foundation permeability provides an improved
understanding of the potential for vapor intrusion. As a result, the validated Tier 3 investigation
procedure described in Section 6.5 of this report utilizes building pressure control but does not
include characterization of building foundation permeability.

2.3  ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY

The use of a tiered approach for the evaluation of correction action sites has provided a cost-
effective framework for focusing detailed site evaluations on exposure pathways that represent
the greatest potential risk and/or remediation cost. Tier 1 uses generic screening criteria to
eliminate the lowest risk pathways, Tier 2 uses limited site-specific information to support the
use of less conservative screening criteria, where appropriate, and Tier 3 allows for detailed site
investigations to accurately assess risk when warranted. States that have adopted this tiered
evaluation process within the context of risk-based corrective action have realized significant
cost savings for their corrective action programs (Connor and McHugh, 2002).

As described above, USEPA and many states’ vapor intrusion guidance documents contain
conservative (Tier 1) screening values and also provide some guidance for conducting detailed
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(Tier 3) field investigations of vapor intrusion. However, there is a significant gap in the current
vapor intrusion evaluation process contained in USEPA and state vapor intrusion guidance due
to the absence in the guidance of meaningful Tier 2 screening criteria that can be adjusted to
reflect easily measured site characteristics that limit the migration of VOCs along the vapor
intrusion pathway. As a result, the USEPA guidance provides no alternative to a detailed field
investigation of vapor intrusion at sites with >5 ug/L benzene or >5 ng/LL TCE in groundwater
(i.e., sites with VOCs in groundwater at concentrations above federal drinking water standards).

Advantages: The conservative procedures for evaluation of vapor intrusion at corrective action
sites that are presented in USEPA and state guidance reflect the limitations in our current
understanding of the physical and chemical processes that contribute to vapor intrusion.
However, researchers are beginning to gain some understanding of the importance of key site
characteristics in controlling vapor intrusion attenuation factors. Henry Schuver of the USEPA
has estimated that site-specific factors can contribute up to six orders of magnitude in
uncertainty and variability in vapor intrusion (Schuver, 2005). As a result, Tier 1 screening
criteria developed to be protective over a broad range of site conditions are extremely
conservative for a great majority of sites. However, because of this high level of site-to-site
variability, Tier 2 screening criteria that have been adjusted to reflect key site characteristics
would allow a reduction in the level of conservatism in site screening without compromising the
protectiveness of the guidance. The field demonstration will validate such Tier 2 screening
procedures. Clear validation of these procedures will demonstrate their protectiveness and
facilitate regulatory acceptance.

At sites where a field investigation is required to determine the presence or absence of a vapor
intrusion impact, currently available guidance does not clearly define the required scope of the
field investigation. Many current guidance documents recommend that large amounts of data be
collected over extended periods of time. Even at sites where the initial field investigation
provides no evidence of a vapor intrusion impact, long-term monitoring is sometimes required to
demonstrate long-term protectiveness. At some sites, high levels of variability in VOC
concentrations or sporadic detections of COCs in some samples have prevented a definitive
determination of the presence or absence of a vapor intrusion impact. At Hill Air Force Base
(AFB), for example, a large number of residences have been included in a long-term indoor air-
monitoring program because occasional detections of site COCs in some residences cannot be
definitively attributed to either vapor intrusion or to other sources. For these sites, a focused Tier
3 field investigation procedure that reduces the scope of the required field investigation while
increasing the ability to definitively determine the presence or absence of a vapor intrusion
impact can significantly reduce the time and expense associated with the filed investigation of
vapor intrusion.

Limitations: The Tier 2 screening procedures will be useful only at sites that meet the criteria for
application (i.e., sites with high moisture content fine-grained soil layers at or above the water
table. Sites with exclusively sandy soils and sites in dry climates with low moisture content soils
will not benefit from the higher Tier 2 screening criteria). The Tier 2 screening procedure should
not be applied to sites where the depth to groundwater is less than 5 ft bgs.
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The streamlined Tier 3 evaluation procedure is targeted towards characterizing and controlling
the building-specific factors that contribute to variability in VOC attenuation and associated
vapor intrusion impacts. The method is not applicable to very large or very leaky building where
the building pressure cannot be easily controlled. Depending on the building integrity, buildings
larger than 10,000 to 15,000 ft* may be difficult to depressurize using a readily available rental
fan. If a specific portion of a building is isolated from the rest of the building by interior walls,
then the Tier 3 demonstration can be implemented in that portion of the building (see results for
Jacksonville NAS and Tinker AFB). In addition, the pressure control method does not eliminate
the spatial variability on VOC concentrations that is observed at many investigation sites. At
some sites, this spatial variability can make interpretation of the monitoring results more
difficult.

The Tier 3 evaluation procedure involves controlled depressurization of the building in order to
induce conditions favorable for vapor intrusion. The results from this procedure are likely to be
most useful when the results indicate an absence of vapor intrusion. However, when the results
do show that vapor intrusion occurs under depressurized conditions, these results will not be
directly applicable to normal building operating conditions because the magnitude of vapor
intrusion observed under depressurized conditions may be greater than that observed under
normal operating conditions. For these cases, the investigator may choose either preemptive
mitigation based on the finding of potential vapor intrusion or continued monitoring in order to
define the frequency and magnitude of vapor intrusion under normal building operating
conditions.
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3.0 PERFORMANCE OBJECTIVES

The primary objective of this demonstration study is to develop simple procedures for i) Tier 2-
level site specific screening based on soil characteristics, and ii) limited building-focused Tier 3
field investigation of the vapor intrusion pathway. This objective will be met by:

1) Collecting an extensive amount of data related to the specific site conditions that
influence VOC attenuation factors at the test sites;

2) Collecting data in a consistent and comparable manner from sites with a broad range of
site conditions (i.e., soil characteristics and building characteristics);

3) Analyzing this data to obtain a thorough understanding of how site specific conditions
influence vapor intrusion processes; and

4) Documenting the impact of soil characteristics on VOC attenuation from groundwater
(Tier 2 evaluation) and documenting the utility of measurement and control of building
pressure for evaluation of vapor intrusion impacts (streamlined Tier 3 evaluation).

Specific performance objectives include i) collection of data representative of site conditions,
and i) evaluation of the data to validate improved vapor intrusion investigation criteria. The
objectives are summarized in Table 3.1.
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Table 3.1: Performance Objectives

Performance Objective

|

Data Requirements

I

Success Criteria

Results

Quantitative Performance Objectives

Collection of data
representative of site
conditions.

Soil type and moisture content, water
elevation, VOC concentrations in
groundwater, soil gas, and indoor air,
building pressure gradients.

Precision, Accuracy, Completeness,
Representativeness, and Comparability
as defined in Appendix D of the
demonstration plan.

Quantitative objectives for Precision,
Accuracy, Completeness,
Representativeness, and Comparability
were achieved with minor exceptions
discussed in Section 6.1.1.  The
exceptions were typical of any
significant environmental field
program.

The data quality for the demonstration
program data set is acceptable and
suitable for evaluation of the
demonstration performance.

Validation of Tier 2
screening criteria and
procedure (Hypothesis: VOC
attenuation in the vadose
zone is higher at sites with
high moisture content fine-
grained soil layers on top of
the shallowest water-bearing
unit (i.e., a confining layer)
or within the vadose zone).

1) Measurement of vadose zone
attenuation factors at each Tier 2
demonstration site.

2) Identification of the presence or
absence of a high moisture content
fine-grained soil layer at each site.

3) Evaluation of the association
between vadose zone attenuation of
VOCs and the presence or absence of a
high moisture content fine-grained soil
layer.

A statistically significant difference in
VOC attenuation between vadose
zone attenuation of VOCs at sites with
and without a high moisture content
fine-grained soil layer.

Statistical methods for data analysis
are described in Section 5.6.2 of the
demonstration plan.

A statistically-significant difference
was observed in VOC attenuation
between the three sites with fine-
grained soils at the water table and the
four sites with coarse-grained soils at
the water table (p 0.01; Section
6.2.3).

Moisture content was not useful for
identification of high groundwater to
deep soil gas attenuation sites.

Field-measured soil permeability was
the best method for identification of

fine-grained soil sites with high
groundwater to deep soil gas
attenuation.

Visual determination of soil type
provided an accurate classification
(i.e., high attenuation vs. low
attenuation) for six of the seven
demonstration sites.
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Performance Objective | Data Requirements Success Criteria Results
Quantitative Performance Objectives
Validation of Tier 3 [ 1) Measurement of VOC distribution | Hypothesis part i: A statistically | Hypothesis  part  i: ANOVA
investigation procedure | in indoor air and sub-slab gas under | significant difference in  VOC | demonstrates a statistically significant

(Hypothesis: manipulation of
building pressure to create
negative and positive
building pressures i) alters
the distribution of VOCs in
and around the building in a
way that helps distinguish
vapor intrusion from
background VOC sources,
and ii) allows measurement
of pressure gradients to
provide an improved
understanding of foundation
permeability.)

negative and positive building pressure
conditions.

2) Measurement of pressure gradients
across building foundation, across
building envelope, and in shallow soils
below building.

distribution between negative pressure
conditions and positive pressure
conditions. The expected change in
VOC distribution is illustrated in
Figure 6.3.1. Statistical methods for
data analysis are described in Section
6.3.

Hypothesis part ii: A statistically-
significant ~ association  between
foundation permeability and sub-slab
to indoor air attenuation factor.
Statistical methods for data analysis
are described in Section 6.3.

difference in VOC distribution in
indoor air between negative pressure
conditions and positive pressure
conditions (p = 0.03). The change in
VOC concentration in indoor air was
different depending on the source of
the VOC (i.e., above ground or
subsurface) as illustrated in Figure
6.3.1. However, the predicted change
in VOC concentration in sub-slab
samples was not observed.

Hypothesis part ii: No statistically-
significant  association  between
foundation permeability and sub-slab
to indoor air attenuation factor was
observed.

Qualitative Performance Obj

ectives

Development of Tier 2 | Field-tested investigation procedures. Procedures for implementation of Tier | Validated procedures for

screening criteria and 2 screening (see Section 5.6.4 of the | implementation of the Tier 2 screening

procedure. demonstration plan.) procedure are described in Section 6.4
of this report.

Development of Tier 3 | Field-tested investigation procedures. Procedures for implementation of | Validated procedures for

investigation procedure.

streamlined Tier 3 investigation (see
Section 5.6.5 of the demonstration
plan.)

implementation of the streamlined Tier
3 investigation  procedure  are
described in Section 6.5 of this report.
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3.1 PERFORMANCE OBJECTIVE: COLLECTION OF DATA REPRESENTATIVE
OF SITE CONDITIONS

The collection of site data that is representative of actual site conditions has been achieved by
adhering to the sampling and analysis procedures specified in Section 5.  Quality
assurance/quality control (QA/QC) samples have been collected to allow for the evaluation of
data precision, accuracy, completeness, representativeness, and comparability.

3.1.1 Data Requirements

QA/QC samples have been collected to ensure that the collected data are representative of actual
site conditions. As detailed in the Quality Assurance Project Plan (QAPP) (see Appendix D of
the demonstration plan), the specific QA/QC samples collected vary based on type of sample and
analysis method but typically include field duplicates, field blanks, and standard laboratory
QA/QC samples. Field duplicate samples are collected at a minimum rate of one per 20 samples
or one per sample event, whichever is greater.

3.1.2 Success Criteria

QA/QC samples have been evaluated to determine the data precision, accuracy, completeness,
representativeness, and comparability. Success criteria vary by sample type and are specified in
the QAPP (see Appendix D of the demonstration plan). The results of the data quality evaluation
are presented in Section 6.1.1 of this report.

3.2 PERFORMANCE OBJECTIVE: VALIDATION OF TIER 2 SCREENING
CRITERIA AND PROCEDURES

The hypothesis for validation of the Tier 2 screening criteria is that VOC attenuation in the
vadose zone is higher at sites with high moisture content fine-grained soil layers on top of the
shallowest water-bearing unit.

3.2.1 Data Requirements

Validation of the Tier 2 screening criteria will require 1) documentation of soil type, soil moisture
content, and vertical VOC distribution in groundwater and the vadose zone at each
demonstration site, and ii) observation of a significantly higher VOC attenuation at sites with
high moisture content fine-grained soil layers compared to sites dominated by sandy soils and
sites with dryer fine-grained soils. At each demonstration site, soil characteristics and the
vertical distribution of VOCs have been characterized at three locations. The use of three
sampling locations allows for statistical characterization of the variability in the measured
parameters at each site.

3.2.2 Success Criteria

The objective will be considered to be met if a statistically-significant difference in VOC
attenuation is observed between sites with high moisture content fine-grained soil layers
compared to sites dominated by sandy soils and sites with dryer soils.
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3.3 PERFORMANCE OBJECTIVE: VALIDATION OF TIER 3 INVESTIGATION
PROCEDURE

The hypothesis for validation of the streamlined Tier 3 investigation is that manipulation of
building pressure to create negative and positive building pressures 1) alters the distribution of
VOCs in and around the building in a way that helps distinguish vapor intrusion from
background VOC sources, and ii) allows measurement of pressure gradients to provide an
improved understanding of foundation permeability. The procedures to evaluate building
foundation permeability are applicable to buildings with concrete foundations (at grade or below
grade). The procedures are not directly applicable to buildings with highly permeable
foundations such as pier and beam.

3.3.1 Data Requirements

Validation of the Tier 3 field investigation methods will require 1) manipulation of building air
flow to create negative and positive building pressures, ii) observation of differences in VOC
distribution between negative and positive building pressure conditions, and iii) observation of
differences in cross-foundation pressure gradients between buildings that correlate to observed
differences in the magnitude of vapor intrusion. At each demonstration building, the distribution
of VOCs and tracer gases in and around the test building has been characterized by the collection
of samples from three sub-slab, three indoor, and one ambient air sample point under negative
and positive building conditions. In addition, foundation permeability has been evaluated
through the measurement of pressure gradients across the building foundation and across the
building envelope.

3.3.2 Success Criteria

The objective will be considered to be met if i) a statistically-significant difference in VOC
distribution is observed between negative pressure and positive pressure building conditions, and
i1) a statistically-significant association is observed between foundation permeability and VOC
attenuation across the building foundation.

34 PERFORMANCE OBJECTIVE: DEVELOPMENT OF TIER 2 SCREENING
CRITERIA AND PROCEDURES

The goal of the field demonstration for the Tier 2 screening procedure is to produce a validated
procedure to apply to other sites with vapor intrusion concerns. The Tier 2 screening procedure
will consist of 1) procedures for evaluation of soil type and soil moisture to identify sites with
high moisture content fine-grained soil layers, and ii) development of an adjustment factor to
apply to Tier 1 screening criteria to account for the higher VOC attenuation observed at these
sites.

3.4.1 Data Requirements

Development of the Tier 2 screening criteria and procedure will require 1) validation of the Tier 2
screening method (see Section 3.2), and ii1) feedback from field personnel concerning how the
procedure can best be applied to other sites with vapor intrusion concerns.
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3.4.2 Success Criteria

The objective will be considered to be met if a simple protocol is developed that provides
procedures for i) the identification of sites with high moisture content fine-grained soil layers,
and 11) the proper application of the Tier 2 screening criteria at these sites.

3.5 PERFORMANCE OBJECTIVE: DEVELOPMENT OF TIER 3 INVESTIGATION
PROCEDURE

The goal of the field demonstration for the Tier 3 investigation procedure is to produce a
validated procedure for application of a streamlined building investigation program that provides
a reliable determination of the presence or absence of a vapor intrusion concern for that building.
The Tier 3 evaluation procedure will consist of procedures for 1) control of building pressure to
create negative and positive building pressure conditions, ii) a VOC and tracer gas sampling
program, iii) pressure gradient measurements, and iv) data interpretation methods.

3.5.1 Data Requirements

Development of the streamlined Tier 3 evaluation procedure will require i) validation of the Tier
3 investigation (see Section 3.3), and ii) feedback from field personnel concerning how the
procedure can best be applied to other sites with vapor intrusion concerns.

3.5.2 Success Criteria

The objective will be considered to be met if a simple protocol is developed that provides
1) procedures for control of building pressure, sample collection, and measurement of pressure
gradients, and ii) guidance for data interpretation to determine the presence or absence of a vapor
intrusion concern.
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4.0 SITE DESCRIPTION

This demonstration has involved field validation of a Tier 2 screening procedure and a
streamlined Tier 3 evaluation procedure. Each procedure has been validated at eight
demonstration sites.

4.1 SITE SELECTION

The following criteria were used to identify potential demonstration sites:

4.1.1 General Criteria

Groundwater Contamination: A demonstration site must have a plume of dissolved VOCs,
preferably with one or more chlorinated solvents, with concentrations measured in near-by
monitoring wells above 100 ug/L. Note that chlorinated VOC concentrations measured at the
top on the water-bearing unit are often lower than those measured in traditional monitoring
wells. Therefore, if monitoring data are available for the top of the water-bearing unit, lower
VOC concentrations (e.g., 10 ng/L) are acceptable.

Site Characterization: A site should be well characterized with regard to site hydrogeology and
the nature and extent of dissolved contaminants. A site characterization report should be
available providing delineation information for the dissolved plume in the vicinity of the test area
and soil boring logs or monitor well logs that document geologic conditions in the test area.

Site Access: Access to the test area or building must be available to conduct the field study.
Specific access requirements for each type of procedure are described below.

4.1.2 Characteristics for Validation of Tier 2 Screening Procedure

Source Characteristics: The dissolved groundwater plume should represent the only likely source
of VOC:s in the test area. In other words, the test area should be located away (i.e., >100 ft) from
areas of contaminated soils. Selection of test areas remote from the source area will reduce the
potential from vadose sources or lateral migration of vapors to confound the understanding of
vertical VOC migration from groundwater.

Vadose Zone Conditions: The presence of high (>100 pg/m3) VOC concentrations in deeper
soil gas should be confirmed by soil gas measurements or inferred based on the dissolved plume
characteristics. The vadose zone geology should be well characterized through installation of
several (6 or more) soil borings. Within the test area, the geology should be relatively uniform
with respect to the presence or absence of a fine-grained soil layer. Field validation is planned
for sites with and without a wet fine-grained soil layer.

Depth to Groundwater: The depth from the top of the groundwater-bearing unit should be not
less than 5 ft and not more than 25 ft below ground surface (bgs).
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Site Access: Access to the test area must be available for installation of three monitoring point
clusters each with a series of monitoring points spaced from the upper portion of the aquifer
through the vadose zone. Ground surface in the test area may be paved or unpaved.

4.1.3 Characteristics for Validation of Tier 3 Procedure

Building Access: Access to the test building must be available for installation of several (three
to six) test points through the building foundation. These test points of 1~ diameter or less and
can be located in storage closets or other out-of-the way locations. It should be possible to create
either positive or negative building pressure through manipulation of the building heating,
ventilating and air conditioning (HVAC) system or use of a window fan or blower. Building
access should be available to conduct a one to three day test involving manipulation of building
pressure and the collection of indoor air and sub-slab gas samples.

4.1.4 Identification of Candidate Sites

Candidate sites were identified by distributing the site selection criteria described above to
1) DoD environmental managers, ii) personnel at the Texas Commission on Environmental
Quality (TCEQ) Dry Cleaner Remediation Program, and iii) personnel at the Kansas Department
of Health and Environment (KDHE). Based on the criteria provided, these personnel identified
potential sites and provided investigation reports for further review.

4.2 SITE LOCATION AND HISTORY

The demonstration sites, selected based on the selection criteria described above, are listed on
Table 4.2.

Table 4.2: Demonstration Sites

Site Name Site Location Type of Demonstration

Former Pioneer Dry Cleaner Houston, Texas Tier 2

Travis AFB Fairfield, California Tier 2 and Tier 3
Naval Air Station, Jacksonville Jacksonville, Florida Tier 3

Parris Island Marine Base Parris Island, South Carolina Tier 2* and Tier 3
Tinker AFB Oklahoma City, Oklahoma Tier 2 and Tier 3
Hill AFB Layton, Utah Tier 2 and Tier 3
Moffett Field NAS Moffett Field, California Tier 3

SPAWAR OTC Facility San Diego, California Tier 2

NIKE Battery Site PR-58 N. Kingstown, Rhode Island Tier 2

Industrial Site Southeast Texas Tier 2

Note: * = Tier 2 demonstration not completed due to the presence of groundwater at a depth of less than 5 ft bgs.

Each of these sites has a dissolved chlorinated solvent plume in shallow groundwater that has
migrated away from the source area. Prior to the demonstration, each site had been investigated
in sufficient detail to provide an understanding of the site geology and contaminant distribution
and to allow identification of appropriate investigation locations.
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4.3 SITE GEOLOGY/HYDROGEOLOGY

4.3.1 Former Pioneer Dry Cleaner (Tier 2 Demonstration)

Shallow soils at the Former Pioneer Dry Cleaner site are characterized by clay soils with
interbedded layer of silt and clayey or silty sand. Groundwater is initially encountered at a depth
of 15 to 28 ft bgs; however, the shallow groundwater-bearing units are generally confined. For
the Tier 2 demonstration, this site is representative of sites with moist fine-grained soil layers
directly above the shallowest water-bearing unit (i.e., confined aquifer conditions). A conceptual
cross-section is provided in Appendix A.1.

4.3.2 Travis AFB (Tier 2 and Tier 3 Demonstration)

Shallow soils at Travis AFB are characterized by low permeability, fine-grained silt and clay
with discontinuous sand and silty sand lenses. Groundwater is typically encountered 10 to 15 ft
bgs and groundwater elevations fluctuate by 2 to 5 ft between fall and spring. The shallow
aquifer is unconfined or semi-confined depending on location. For the Tier 2 demonstration, this
site is representative of sites with wet fine-grained soil layers in the vadose zone. A conceptual
cross-section is provided in Appendix A.2.

4.3.3 NAS Jacksonville (Tier 3 Demonstration)

The Tier 3 demonstration at NAS Jacksonville was conducted at Building 103 located in
Operable Unit 3 (OU3). OU3 is a 134-acre area located south of the major east/west runway.
OU3 is underlain by interbedded layers of sand, clayey sand, and clay. The water table at OU3
is located within a few feet of ground surface. Within OU3, groundwater flow within the upper
layer of the surficial aquifer is controlled largely by drainage to storm sewer lines.

4.3.4 Parris Island Marine Base (Tier 2 and Tier 3 Demonstration)

The shallow geology at the Parris Island Marine Base is characterized by sand and silty sand
with discontinuous layers of silty clay. Groundwater level of the shallow unit typically
fluctuates between 5 to 10 ft bgs. However, during the field program shallow groundwater was
encountered as shallow as 1 ft bgs.

For the Tier 2 demonstration, this site was intended to be representative of sites with coarse-
grained soil layers in the vadose zone. However, as discussed in Section 4.5.4, the depth to
groundwater was too shallow to allow completion of the Tier 2 demonstration.

4.3.5 Tinker Air Force Base (Tier 2 and Tier 3 Demonstration)

Shallow soils at Tinker AFB are characterized by low permeability, fine-grained silty clay and
clayey silt layers. Groundwater is first encountered 10 to 15 ft bgs in a silty sand layer present at
this depth. This shallow groundwater-bearing unit is unconfined. For the Tier 2 demonstration,
this site is representative of sites with wet fine-grained soil layers in the vadose zone. A
conceptual cross-section is provided in Appendix A.5.

4.3.6 Hill Air Force Base (Tier 2 and Tier 3 Demonstration)
Shallow soils at Hill AFB are characterized by interbedded high permeability sand and silty sand
and low permeability silt and clay. Groundwater is first encountered 7 to 12 ft bgs in a silty sand
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layer present at this depth. This shallow groundwater-bearing unit is unconfined. For the Tier 2
demonstration, this site is representative of sites with fine to medium-grained soils directly above
the shallowest water-bearing unit (i.e., unconfined aquifer conditions). A conceptual cross-
section is provided in Appendix A.6.

The Tier 3 demonstration was conducted at an unoccupied house south of Hill AFB. Dr. Paul
Johnson of Arizona State University (ASU) purchased this house (hereinafter referred to as the
“ASU Research House”) for use on Strategic Environmental Research and Development
Program Project ER-1686.

4.3.7 Moffett Field NAS (Tier 3 Demonstration)

The Tier 3 demonstration was conducted at Building 107 at Moffett Field NAS. Moffett Field is
located near San Francisco Bay in California, at the northern end of the Santa Clara Valley
Basin. The basin contains interbedded alluvial, fluvial, and estuarine deposits. The uppermost
aquifer consists of multiple interconnected permeable lenses made up of silts and sandy silts to
medium to coarse gravelly sands. Groundwater is typically encountered 10 to 15 ft bgs.

4.3.8 SPAWAR OTC Facility (Tier 2 Demonstration)

Shallow soils at the SPAWAR OTC Facility are characterized by artificial fill material derived
from dredged bay sediments and various road base/construction materials (including gravels).
The artificial fill consists of interbedded sand with silty sand, clayey silt, and clay layers.
Groundwater is first encountered 10 to 12 ft bgs in a silty sand layer present at this depth. This
shallow groundwater-bearing unit is unconfined. For the Tier 2 demonstration, this site is
representative of sites with moist fine-grained soil layers in the vadose zone directly above the
water table. A conceptual cross-section is provided in Appendix A.8.

4.3.9 NIKE Battery Site PR-58 (Tier 2 Demonstration)

Shallow soils at the NIKE Battery Site PR-58 are of glacial origin characterized by moderate to
high permeability interbedded silty sand and gravelly sand layers. Groundwater is first
encountered 10 to 11 ft bgs in a gravelly sand layer present at this depth. This shallow
groundwater-bearing unit is unconfined, and groundwater flow is to the southeast. For the Tier 2
demonstration, this site is representative of sites with medium-grained soil layers in the vadose
zone above the water table. A conceptual cross-section is provided in Appendix A.9.

4.3.10 Industrial Site, Southeast Texas (Tier 2 Demonstration)

Shallow soils at the Industrial Site in Southeast Texas are characterized by low permeability,
fine-grained clayey silt and silty sand layers. Groundwater is first encountered 13 to 18 ft bgs in
a silty sand layer present at this depth. This shallow groundwater-bearing unit is unconfined.
For the Tier 2 demonstration, this site is representative of sites with wet fine to medium-grained
soil layers in the vadose zone directly above the water table. A conceptual cross-section is
provided in Appendix A.10.
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44  CONTAMINANT DISTRIBUTION

4.4.1 Former Pioneer Dry Cleaner (Tier 2 Demonstration)

Investigations conducted at the Former Pioneer Dry Cleaner site have documented the presence
of elevated concentrations of tetrachloroethene (PCE) and associated degradation products in the
shallow groundwater at distances of up to 350 ft downgradient of the dry cleaner facility.
Although PCE concentrations are highest in deeper groundwater bearing units, PCE
concentrations in the shallowest unit range from 0.18 to 1.3 mg/L at distances of 100 to 300 ft
from the Dry Cleaner facility. As a result, this site is appropriate for evaluation of VOC
migration from shallow groundwater through the vadose zone (i.e., validation of the Tier 2
evaluation procedure).

4.4.2 Travis AFB (Tier 2 and Tier 3 Demonstration)

The East Industrial Operable Unit (EIOU) and West Industrial Operable Unit (WIOU) at Travis
AFB each contain large groundwater plumes with VOCs from several source areas. Plumes
from some source areas have commingled. Large areas of groundwater with elevated
concentrations of TCE have been delineated in the EIOU and WIOU. Soil gas testing has
confirmed the presence of elevated TCE concentrations in shallow soil gas.

4.4.3 NAS Jacksonville (Tier 3 Demonstration)

Investigations conducted in OU3 have documented the presence of elevated VOC concentrations
within soil and groundwater in the immediate vicinity of Building 103 at depths of 15 to 20 ft
bgs. The primary COCs are PCE, TCE, and related degradation products. Although only limited
testing of shallow soils has been conducted, a soil gas survey conducted in 1994 found PCE
present at 4,800,000 pg/m’ in shallow soil gas (< 5 ft bgs) between Building 103 and Building
106 (located just west of Building 103) confirming that Building 103 is an appropriate location
for the Tier 3 demonstration.

4.4.4 Parris Island Marine Base (Tier 2 and Tier 3 Demonstration)

At Site 45, Parris Island Marine Base, PCE originating from a former dry cleaning facility has
impacted shallow groundwater. In addition, the sewer line from the facility apparently acted as a
secondary source resulting in a complex distribution of PCE and degradation products in shallow
groundwater. A sewer line release point appears to be located near the southeast corner on the
new dry cleaning facility (a facility that has never handled PCE). PCE concentrations in this
area are greater than 1,000 pg/L and a dissolved plume of PCE and degradation products extends
to the southeast.

4.4.5 Tinker Air Force Base (Tier 2 and Tier 3 Demonstration)

Multiple sources of TCE have impacted shallow groundwater at Tinker AFB, resulting in several
TCE plumes in shallow groundwater. The Tier 2 demonstration was focused on a plume
extending east from Building 201. Dissolved TCE concentrations in this area generally range
from 100 to 800 pg/L.
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The Tier 3 demonstration was conducted in the mechanical room of Building 200. In this area, a
release of PCE has impacted shallow soils and groundwater. A prior investigation found PCE
concentrations of up to 2,100 pg/m” in soil gas collected from below the mechanical room.

4.4.6 Hill Air Force Base (Tier 2 and Tier 3 Demonstration)

TCE 1is the most widespread and primary COC at Operable Unit 5 (OU5). The primary TCE
plume identified at the test area in OUS is the Tooele Army Rail Shop (TARS) plume. In this
area, TCE concentrations in groundwater have been found to exceed 1,000 ug/L. The TARS
TCE plume extends approximately 5,000 ft beneath the cities of Sunset and Clinton (test area) to
the west-northwest. Other significant COCs include 1,1,1-trichloroethane (1,1,1-TCA) and
cis-1,2-dicholoroethene (cis-1,2-DCE).

The Tier 3 demonstration was conducted at the ASU Research House south of the base. A
CVOC groundwater plume as well as vapor intrusion into the building had been documented
previously (SERDP Project ER-1686).

4.4.7 Moffett Field NAS (Tier 3 Demonstration)

A number of buildings at Naval Air Station Moffett Field, near Palo Alto, CA, are impacted by
subsurface sources of TCE and PCE. The building selected for this verification test was
Building 107. Building 107 is a small office building overlying the TCE/PCE plume and had
detections of TCE and PCE in indoor air prior to the demonstration study.

4.4.8 SPAWAR OTC Facility (Tier 2 Demonstration)

Several previous investigations at the SPAWAR OTC Facility were conducted to characterize
TCE, TCE degradation products, and total petroleum hydrocarbons (TPH) in the groundwater,
soil and soil gas. The primary COCs in groundwater, soil and soil gas include PCE, TCE,
cis-1,2-DCE, trans-1,2-dichloroethene (trans-1,2-DCE), and/or vinyl chloride (VC). Maximum
detected concentrations of COCs in each medium are found on the north-northwest side of
Building 3. TCE degradation products in the groundwater have migrated off-site both to the
southwest (towards the test area) and to the north-northwest.

4.4.9 NIKE Battery Site PR-58 (Tier 2 Demonstration)

Investigations conducted at NIKE Battery Site PR-58 have documented a main source area with
the possible presence of subsurface DNAPL in the vicinity of existing monitoring well cluster
MWO03-14 (located immediately east of the former missile silo area and northwest of the test
area). The primary COCs in the groundwater include 1,1,2,2-tetrachloroethane (PCA), PCE,
TCE, 1,1,2-trichloroethane (1,1,2-TCA), cis-1,2-DCE, trans-1,2-DCE, 1,1-dichloroethene
(1,1-DCE), and VC.

4.4.10 Industrial Site, Southeast Texas (Tier 2 Demonstration)

Investigations conducted at the Industrial Site in Southeast Texas have documented a historical
release southwest of the test area. The primary COCs in the groundwater include PCE, TCE,
1,1,1-TCA, 1,1,2-TCA, cis-1,2-DCE, 1,1-dichloroethane (1,1-DCA), 1,1-DCE, and VC.
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4.5 INVESTIGATION LOCATIONS

4.5.1 Former Pioneer Dry Cleaner (Tier 2 Demonstration)

Groundwater from the Former Pioneer Dry Cleaner facility flows to the northwest under a near-
by strip mall building. As shown in Appendix A.l, the three sampling point clusters in the
demonstration were installed west of the former dry cleaning facility on the south side of the
strip mall.

4.5.2 Travis AFB (Tier 2 and Tier 3 Demonstration)

Tier 2 Demonstration: Groundwater in the WIOU generally flows from north to south. Several
sources of chlorinated solvent releases within this area have resulted in a heterogeneous plume
with a general north-south orientation. As shown in Appendix A.2, the sample point clusters for
the Tier 2 demonstration have been installed in the vicinity of Building 828.

Tier 3 Demonstration: The Tier 3 demonstration was conducted in Building 828 - a former
security forces armory in the WIOU. The building was not occupied at the time of the
demonstration. A building diagram is shown in Appendix A.2.

4.5.3 NAS Jacksonville (Tier 3 Demonstration)

The Tier 3 demonstration was conducted in Building 103, a machine shop located within OU3.
The main portion of the building is 280 ft by 130 ft, with a secondary wing on the east side of
approximately 240 ft by 60 ft. The building is slab-on-grade with a concrete foundation and was
constructed in stages beginning in the 1940s.

Due to the relatively large size of the building, the investigation focused on one corner of the
building, the southwest corner. This part of the building is closest to the areas of documented
shallow soil gas impacts and is underlain by high levels of TCE, PCE, and degradation products
in soil and groundwater (see Section 4.4.3). A building diagram is shown Appendix A.3.

4.5.4 Parris Island Marine Base (Tier 2 and Tier 3 Demonstration)

Tier 2 Demonstration: Two sample point clusters were planned for the PCE plume southeast of
the new dry cleaning facility and one cluster was planned east of the former dry cleaning facility.
However, during the installation of sample points at the first cluster, groundwater was
encountered at a depth of 1 ft. This depth was too shallow to allow for installation of vertically-
spaced sample points in the vadose zone. As a result the Tier 2 demonstration was cancelled at
Parris Island.

Tier 3 Demonstration: The Tier 3 demonstration was conducted at the new dry cleaning facility.
This building is 120 ft by 70 ft with a ceiling height ranging from 15 to 25 ft. When originally
opened, this facility was operated as a dry cleaning facility using petroleum-based cleaning
solvents (i.e., no PCE or other chlorinated solvents). However, at the time of the demonstration,
on-site dry cleaning operations had been terminated and the facility was being used as a dry
cleaning drop station for off-site cleaning. The off-site dry cleaner was using PCE-based
cleaning solvent and, as a result, the clothing being stored on-site for customer pick-up was an
indoor source of PCE. In addition, the building contained large ventilation slats in the walls
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along with ceiling vents that could not be completely closed. These ventilation structures were
not identified during the building selection process. As a result, building pressure control could
not be achieved during the demonstration. A building diagram is shown in Appendix A.4.

4.5.5 Tinker Air Force Base (Tier 2 and Tier 3 Demonstration)

Tier 2 Demonstration: Shallow groundwater near Building 201 generally flows from east to
west. As shown Appendix A.5, the sample point clusters for the Tier 2 demonstration have been
installed east of building 201.

Tier 3 Demonstration: The Tier 3 demonstration was conducted in the mechanical room of
building 200. This building is located approximately %4 mile from the Tier 2 demonstration site.
The mechanical room is not continuously occupied and is physically isolated from the remaining
portion of the building with only one door providing a connection. A building diagram is shown
in Appendix A.5.

4.5.6 Hill Air Force Base (Tier 2 and Tier 3 Demonstration)

The Tier 2 and 3 demonstrations were conducted at different Operable Units (OUs) at Hill AFB.
The two groundwater plumes originate from different sources and have different COCs.

Tier 2 Demonstration: Shallow groundwater within the OUS5 property flows from east to west.
As shown in Appendix A.6, the sample point clusters for the Tier 2 demonstration were installed
near the eastern boundary between existing monitoring wells U5-1087 and U5-1086.

Tier 3 Demonstration: The Tier 3 demonstration was conducted at a building south of Hill AFB
(the “ASU Research House”). This building overlies a dissolved plume of TCE and 1,1-DCE.
As part of the work on ER-1686, ASU has confirmed that vapor intrusion of these compounds is
occurring at this building. The floor plan of the house is shown in Appendix A.6. The building
is an unoccupied single-family dwelling with a partially below-grade finished basement and a
single story living space above the basement. During all testing, interior doors remained open
(other than the door between the living space and garage) and windows were closed. Building
egresses were not controlled and testing staff moved about freely.

4.5.7 Moffett Field NAS (Tier 3 Demonstration)

Building 107 is a single story slab-on-grade structure. The floor plan of the building is shown in
Appendix A.7. The building is typically in use during normal office hours. During all testing,
interior doors remained open, the fan to induce the appropriate pressure perturbation was kept
running, exterior windows were closed, but building egresses were not controlled and building
occupants were allowed to come and go freely.

4.5.8 SPAWAR OTC Facility (Tier 2 Demonstration)

Shallow groundwater at the SPAWAR OTC Facility flows north and northwest under Building 3.
As shown in Appendix A.8, the three sampling point clusters for the Tier 2 demonstration were
installed in the parking lot just southwest of Building 3 and northwest of Building 28.
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4.5.9 NIKE Battery Site PR-58 (Tier 2 Demonstration)

Shallow groundwater within NIKE Battery Site PR-58 flows southeast. As shown in Appendix
A.9, the three sampling point clusters for the Tier 2 demonstration were centered on existing
monitoring well cluster MWO03-11 approximately 125 ft northeast of the intersection of Babcock
Road and Seabee Avenue.

4.5.10 Industrial Site, Southeast Texas (Tier 2 Demonstration)

Shallow groundwater at the Industrial Site in Southeast Texas flows northeast. As shown in
Appendix A.10, the three sampling point clusters for the Tier 2 demonstration were installed
southeast of warehouse/office buildings in an open field between existing monitoring wells
MW-17 and MW-18 located near the southeast corner of the property boundary.
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5.0 TEST DESIGN

This section provides the detailed description of the system design and testing conducted during
the demonstrations.

5.1 CONCEPTUAL EXPERIMENTAL DESIGN

The purpose of this field demonstration is to validate i) confining layers and high moisture
content fine-grained soil layers in the vadose zone as site specific criteria that support use of
higher Tier 2 screening criteria for the vapor intrusion pathway, and ii) the use of building
pressure gradient measurements and control of building pressure in a streamlined Tier 3
evaluation of vapor intrusion. Validation of the Tier 2 screening procedures and criteria will
requires measurement of VOC attenuation at a number of sites with and without the defining
characteristics (i.e., a high moisture content fine-grained soil layer in the vadose zone or serving
as an aquifer confining layer) to demonstrate a difference in VOC attenuation between these
types of sites. Validation of the streamlined Tier 3 evaluation methods requires application of
the method at a number of buildings to demonstrate that the investigation methods provide a
clear determination of vapor intrusion conditions for buildings of different size, design, and
foundation characteristics.

5.1.1 Tier 2 Screening Criteria Based on Soil Conditions

The literature review and survey performed as part of this study identified the importance of high
moisture content fine-grained soils as a barrier to VOC migration from groundwater to indoor air
(GSI, 2008). This suggested that VOC migration from a confined aquifer to vadose-zone soils
will be limited and that high moisture content fine-grained soil layers within the vadose zone
would also limit the vertical migration of VOCs through the vadose zone. Field validation is
likely to show consistently greater than 10x higher VOC attenuation at sites with confined
aquifer conditions or high moisture content fine-grained soil layers within the vadose zone
compared to sites with unconfined aquifer conditions and sandy soils.

Use of soil type and moisture content for Tier 2 screening would involve the following steps:

* Soil Type: Demonstration of confining aquifer conditions or a laterally-continuous fine-
grained soil layer in the area of interest.

* Soil Moisture: Demonstration of high moisture content in the fine-grained soils either by
direct measurement or by demonstration that regional climate conditions result in
maintenance of high moisture contents in the fine-grained soils.

 Tier 2 Screening Criteria: Selection of appropriate Tier 2 screening criteria for
groundwater or deep soil gas based on increased attenuation through the confining layer
or fine-grained soil layer. The field validation program will document the magnitude of
this increased attenuation and will provide the basis for a validated fact sheet
documenting the screening procedures.
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As illustrated in Figure 5.1.1, the impact of an aquifer confining layer or high moisture content
fine-grained soil layer on VOC attenuation will be validated through the measurement of aquifer
confining conditions, soil parameters, and VOC concentrations at eight demonstration sites. The
demonstration sites represent a range of confined and unconfined aquifer conditions in order to
clearly document the differences in VOC attenuation between sites. The sampling program for
the validation of the Tier 2 screening procedure is summarized in Table 5.1.1 and the field
schedule is provided in Figure 5.1.2.

A) Unconfined Aquifer B) Confined Aquifer

GW Soil gas GW Soil gas
cluster cluster
|

Figure 5.1.1: Conceptual plan for field validation of soil type and moisture content as basis
for selection of Tier 2 vapor intrusion screening criteria.
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Table 5.1.1: Summary of Tier 2 Evaluation Sampling Program

Component Matrix AL Analyte Location
Samples
Each groundwater
Soil 2.4 Soil Permeability | sample point without
(Field Test) water from each of 3
clusters
Validation of Tier 2 . Physical 4 soil intervals from
X Soil 12 .
Screening properties each of 3 clusters
Procedures and Each sample point
Criteria: Sample | Groundwater 9 VOCs with groundwater
Program for Each (3 clusters)
Demonstration Site Leak tracer .
. Each soil gas sample
(for each soil 15 SFe .
. point (3 clusters)
gas point)
) Each soil gas sample
Soil gas 15 VOCs point (3 clusters)
Day 1 | Day 2 | Day 3 | Day 4 Day 5

Sample Point Installation
Groundwater Sample Collection
Soil Gas Sample Collection

Soil Permeability Testing

] —

oD~

Figure 5.1.2: Field Schedule for Tier 2 Demonstration Program

5.1.2 Streamlined Tier 3 Evaluation Based on Building Foundation Permeability
Although building foundation permeability has been identified as an important site characteristic
for vapor intrusion, the peer-reviewed literature and regulatory guidance do not provide accepted
methods for the evaluation of foundation permeability. In order to support expedited Tier 3 field
evaluations of individual buildings, the field program will include validation of i) a method to
evaluate building foundation permeability by measuring pressure gradients across the foundation
and comparing to pressure gradients across the building envelope, and ii) a streamlined sampling
program to evaluate the potential for vapor intrusion under a range of building pressure
conditions at a building through a single sampling event.

Use of foundation permeability for an expedited Tier 3 field evaluation would involve the
following steps:

* Measurement of Foundation Permeability: Determine foundation permeability based on
measurement of pressures indoors, outdoors, and in below-foundation soils during
induced building pressurization and depressurization. At buildings with permeable
foundations, building pressure will be efficiently transferred to underlying soils. At
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buildings with low permeability foundations, high cross-foundation pressure gradients
will be measured.

The use of pressure gradient measurements to evaluate building foundation permeability is
applicable to solid foundations that provide some measurable resistance to airflow (e.g., concrete
foundations). This measurement method is not applicable to buildings with pier and beam
foundations, which typically have an unfinished crawl space below the lowest floor.

* Measurement of “Worst Case” Attenuation Factors: Measure VOC and radon
concentrations at below-foundation sample points and in indoor air during an induced
building depressurization event to evaluate VOC attenuation under “worst case”
conditions and during an induced positive pressure event.

* Vapor Intrusion Determination: Based on the combined understanding of foundation
permeability and “worst-case” cross-foundation attenuation, the potential for current and
future vapor intrusion impacts to a building is determined in a single sampling event.

The impact of building pressure on vapor intrusion is illustrated in Figure 5.1.3. The sampling
program for the validation of the streamlined Tier 3 evaluation procedure is summarized in
Table 5.1.2 and the field schedule is provided in Figure 5.1.4.
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Induced
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Building
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POSITIVE
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Figure 5.1.3: Conceptual basis for measurement of foundation permeability as part of
expedited Tier 3 evaluation of vapor intrusion.
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Table 5.1.2: Summary of Tier 3 Evaluation Sampling Program

Component Matrix Number of Analyte Location
Samples
Indoors, 3 locations
Indoor air 6 Radon, SF¢, VOCs (negative pressure and
positive pressure events)
Sub-slab, 3 locations
Sub slab vapor 6 Radon, SF4, VOCs (negative pressure and
Tier 3 Building positive pressure events)
I tigati h test . . i
nvestigation (each tes Ambient air 1 Radon, SFs, VOCs Outdoors, upgradlent,
building) once at each location
Differential pressure COI'ltIIlUOUS sampling . at
various sample points
Pressure NA between durin, ositive and
Gradient indoor/outdoor and & P
. negative pressure
indoor/sub slab space .
conditions
Note: Additional samples collected for some demonstrations.
Day 1 Day 2

Sample Point Installation

SFs Release and Pressure Measurement
Depressurization Start/Equilibration

Collection of Depressurization Samples: VOCs
Collection of Depressurization Samples: Radon
Pressurization Start/Equilibration

Collection of Pressurization Samples: VOCs
Collection of Pressurization Samples: Radon

Figure 5.1.4: Tier 3 Field Testing Schedule

© Nk

5.2 BASELINE CHARACTERIZATION

As discussed in Section 4, each of the field demonstration sites has been characterized through
prior site investigations that have included the installation of several soil borings and monitoring
wells. These investigations provided an understanding of the shallow geology and the
distribution of site contaminants that was sufficient to support the design and implementation of
the demonstration program at each site. As a result, no additional baseline characterization
activities were conducted prior to the field demonstration at each site.

53 TREATABILITY OR LABORATORY STUDY RESULTS
No treatability or laboratory confirmation studies were conducted for this demonstration.
5.4  DESIGN AND LAYOUT OF TECHNOLOGY COMPONENTS

At each candidate site selected for the Tier 2 or Tier 3 site investigation field demonstration, the
field program consisted of 1) installation of sampling points and collection of soil samples for
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geotechnical testing, and ii) field testing and collection of water and/or gas samples. Section 5.4
describes the procedures used for installation of the sampling points and Sections 5.5 and 5.6
describe the field testing and sample collection and analysis methods, respectively.

5.4.1 Installation of Sampling Points for Evaluation of Tier 2 Screening Procedure

At each site selected for the Tier 2 demonstration, three clusters of sample points were installed
for groundwater and soil gas sampling. Each cluster consists of five 1-inch PVC sample points
and five 1/8-inch Nylaflow tubing sample points. Three of the five PVC points were targeted at
depths at or below the water table and the other two were targeted at short distances above the
water table. The Nylaflow sample points were spaced through the vadose zone starting just
above the water table.

I-inch PVC (Groundwater) Sampling Points: A total of five temporary piezometers were
installed at each cluster for groundwater sampling using traditional direct-push techniques.
Using a truck-mounted Geoprobe® or drilling rig, the first location at each cluster was advanced
to the shallow groundwater bearing unit (GWBU). Soil cores were continuously collected and
logged in accordance with the Unified Soil Classification System (USCS). The installation
depths were determined based on prior site characterization and the geology observed during
sample point installation. For confined aquifer sites, the deepest well screen was installed just
below the top of the shallowest GWBU. Once the first temporary well was completed, depth-to-
water (DTW) measurements were collected and compared with historical DTW measurements at
nearby wells to determine the local potentiometric surface. The second and third temporary
piezometers were installed mid-way between the shallow GWBU and the potentiometric surface
and just below the potentiometric surface, respectively. The remaining two temporary
piezometers were installed at two vertically spaced depths just above the potentiometric surface.
For sites with unconfined aquifer conditions, the temporary piezometers were installed so that
the middle piezometer was at the top of the GWBU and the other points were installed above and
below this point with 1 to 2 ft of vertical spacing. The installation of two 1-inch PVC sample
points at depths above the potentiometric surface served to 1) account for uncertainty in the exact
depth of groundwater, and ii) allow for field measurement of vadose zone permeability in dry
sample points. Representative undisturbed soil samples were collected from the second
temporary piezometer for geotechnical analysis, as described below. The remaining three
temporary piezometers locations were advanced with no sample collection or logging.

Temporary piezometers were constructed of one inch schedule 40 PVC pipe with flush threaded
joints. The well screens consist of 6 inches of number ten slotted PVC with a threaded cap on the
bottom with no sump. The screened interval of the well was packed with U.S. mesh interval
20/40 sand approximately one to two feet above the top of the screen. The remainder of the
borehole was filled with bentonite chips to the ground surface and hydrated to create an annular
seal. Upon completion, temporary wells were capped with a tight fitting PVC slip cap.
Temporary wells were then completed at the surface using a 6-inch steel flush mount man-way
secured with concrete. An example of an uncompleted cluster is shown in Photo 5.4.1 and
example temporary piezometer construction specifications are shown on Figure 5.4.1. Specific
screen intervals for each cluster are presented in the site data packages included as Appendix A.
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Photo 5.4.1: Example Soias andeporary Well Cuter
(Travis AFB)

1/8-Inch Nylaflow (Soil Gas) Sampling Points: A total of five soil gas points were installed at
each cluster using traditional direct-push techniques. Based on the vertical distribution of the
five temporary piezometers, the five soil gas points in each cluster were vertically spaced within
the vadose zone between the potentiometric surface and the ground surface. The two deepest
soil gas points were installed at the same depth as the two shallowest 1-inch PVC sample points
and the three remaining points were vertically spaced through the vadose zone. All five soil gas
sampling points were advanced with no sample collection or logging.

The soil gas sampling points were constructed of stainless steel vapor implant points attached
securely to 1/8-inch Nylaflow tubing and lowered to the bottom of the borehole. An example of
the stainless steel vapor implant point and 1/8-inch Nylaflow tubing is shown in Photo 5.4.2. A
sand pack using U.S. mesh interval 20/40 sand was installed to approximately 6-inches above the
vapor implant point. The remainder of the borehole was filled with bentonite chips to the ground
surface and hydrated to create an annular seal. Upon completion, the 1/8-inch Nylaflow tubing
was sealed from atmospheric air with modeling clay. To protect the Nylaflow tubing, the tubing
was encased within approximately 1-foot of schedule 40 PVC pipe at the surface, capped with a
tight fitting PVC slip cap, and then completed using a 6-inch steel, flush mount man-way,
individually installed with concrete pads. An example of the soil gas sampling point
construction specifications is shown on Figure 5.4.1.
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Figure 5.4.1: Construction Specifications for Groundwater and Soil Gas Sampling Points
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Photo 5.4.2: Example Soil Gas Sampling Implant

5.4.2 Installation of Sampling Points for Validation of Tier 3 Investigation Program
Sub-slab Sample Points: At each building selected for the Tier 3 demonstration, several sub-slab
sample points were installed below the concrete slab using a hammer rotary drill with a 1-inch
drill bit. Most sample points were completed just below the slab; however, one or more deeper
holes were advanced at each site using a %-inch steel rod driven to a depth of 30 inches bgs. The
sub-slab sampling points were constructed of 1/8- or Ys-inch Nylaflow tubing lowered to the
bottom of the borehole. A sand pack using U.S. mesh interval 20/40 sand was installed a few
inches above the bottom of the borehole. The remainder of the borehole was filled with
bentonite chips to the ground surface and hydrated to create an annular seal. Upon completion,
the top of the borehole and the Nylaflow tubing were sealed from atmospheric air with modeling
clay. An example of a completed sub-slab sampling point is shown in Photo 5.4.3 and the sub-
slab sampling point construction specifications are shown on Figure 5.4.2.
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Figure 5.4.2: Construction Specifications for Sub-Slab Sampling Points

Indoor Sample Points: For each test building, three indoor air sample points were selected to
characterize the distribution of VOCs, radon, and SF¢ tracer gas inside the building. Specific
sample points were selected based on evaluation of building operating characteristics and were
located to minimize the disturbance of building activities.

Outdoor Sample Point: For each test building, one air sample point was selected to characterize
the concentration of VOCs, radon, and SFg tracer gas outside the building. The specific sample
point was selected at an upwind location based on evaluation of building operating
characteristics and current wind direction.
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Building Envelope Pressure Gradient Measurement Points: For each test building, one or more
points were identified to measure the pressure gradient across the building envelope (i.e.,
ambient/indoor pressure gradient). At each measurement point, % inch tubing was installed
across the building envelope to allow measurement of the pressure gradient using a portable
pressure transducer.

5.5 FIELD TESTING

One round of field testing and sample collection was conducted at each demonstration site
following installation of the sampling points. The field testing program for the validation of the
Tier 2 and Tier 3 procedures is described below.

5.5.1 Field Testing for Evaluation of Tier 2 Screening Procedure
For validation of the Tier 2 screening procedure, the field testing program consisted of
measurements of soil permeability from the soil gas sampling points.

Following collection of soil gas samples (Section 5.6.1), the permeability of the vadose zone
soils was measured at each 1-inch PVC point without measureable water. Permeability was
determined using a vacuum pump and flow meter. Soil gas was extracted by applying a vacuum
to the soil gas monitoring point, and the resulting flow measured using laboratory-grade flow
meters. The steady state vacuum was measured at least at three different flow rates at each
sample point, and the soil permeability determined by the relationship between the flow rate and
vacuum (Photo 5.5.1). This procedure (measurement of flow and vacuum at a single point)
provides a semi-quantitative measurement of vadose zone permeability that was used as a
supplement to the laboratory geotechnical analysis of soil cores. Procedures for calculation of
soil permeability are provided in Appendix C.

32009

U,
ey
- L3 i -

Photo 5.5.1: Soil Permeability Measurement

Final Report: Proposed Tier 2 Screening Version 3 — July 2012
Criteria and Tier 3 Field Procedures for ER-200707
Evaluation of Vapor Intrusion

36



5.5.2 Field Testing of Tier 3 Evaluation Procedure
For validation of the Tier 3 evaluation procedure, the field testing program consists of the
measurement of cross-foundation and building envelope pressure gradients.

Measurement of Pressure Gradients: Pressure gradients across the building foundation compared
to pressure gradients across the building envelope are used to evaluate the building foundation
permeability. Pressure gradients were measured using an Omniguard 4 differential pressure
transducer, which is equipped with a data logger. The pressure transducer has 2 pressure ports, a
reference port open to the indoor atmosphere, and a second port that is open to the area to be
measured (sub slab space or outside the building). The pressure transducer measures the
pressure difference between the two ports, providing a differential pressure measurement. A
photo of the pressure transducer installation is presented in Photo 5.5.2.

At the initiation of the testing program, the pressure gradient was measured at each sub-slab
measurement point and at the building envelope pressure gradient measurement point. Pressure
gradients at each measurement location were recorded for a period of at least one minute.
During the collection of the composite samples for VOC analysis, continuous pressure gradient
measurements were recorded at one cross-foundation measurement point located near the center
of the building and at one building envelope measurement point.

Photo 5.5.2: Pressure transducer installation

5.6 SAMPLING METHODS

Sampling methods for the Tier 2 and 3 demonstrations are described below. Analytical methods
for applicable media sampled under either tier are summarized in Table 5.6.1.
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Table 5.6.1: Analytical Methods Used for Sample Analysis

Matrix Analyte Method Container Preservative H;::l;:g
. . API RP 40/ Undisturbed
Intrinsic Permeability ASTM D2434 core None None
Ppros1ty, total and APIRP 40 Undisturbed None None
air-filled core
. . API RP 40/ASTM Undisturbed
Soil Dry bulk density D4564/ASTM D2937 core None None
Volumetric moisture ASTM DD216/ASTM Undisturbed None None
content D4959/ASTM D4643 core "
Fraction organic Walkley-Black, Undisturbed None None
carbon EPA 9060 core n
Ground- 40 ml
water VOCs US EPA 8260B VOA vial HCl 14 days
Radon McHugh et al., 2008 500 n;lagedlar None 14 days*
500 ml Tedlar
Chlorinated VOCs US EPA TO-15 bag or 1L None 28 days
Vapor
Summa Can
500 ml Tedlar
SF; NIOSH 6602 bagor 1L None 28 days
Summa Can

* = No holding time specified, but lab tests demonstrate accurate results after 14 days storage in Tedlar bag (McHugh et al., 2008).

5.6.1 Sampling Methods for Validation of Tier 2 Screening Procedure

Validation of the Tier 2 screening procedure will involve collection and analysis of soil samples
for geotechnical analysis and groundwater and soil gas samples for analysis of VOC
concentrations.

Collection and Analysis of Soil Geotechnical Samples: Geotechnical samples were collected
during the temporary piezometer installation from the second deepest borehole at each cluster.
One-foot soil core samples were collected from the three clusters. Sampling depths for the
geotechnical samples were vertically distributed to cover the variation in lithology observed in
the deepest boring previously collected from that location. Samples were collected by retaining
the undisturbed soils in the plastic sleeve used in boring advancement, cutting out the desired
depth interval, capping the ends with different color caps to differentiate the top from the bottom,
and then sealing with duct tape to ensure an air-tight seal. The number of samples collected for
each demonstration is provided in Table 5.1.1 and the analytical methods are provided in Table
5.6.1 above.

Geotechnical soil samples were analyzed for dry bulk density, fraction organic carbon,
volumetric moisture content, total and air-filled porosity, intrinsic permeability, and native
hydraulic conductivity. Geotechnical analyses were performed by Fugro Consultants, Inc. in
Houston, Texas, according to applicable American Society for Testing and Materials (ASTM),
EPA, and American Petroleum Institute (API) methods as outlined in the QAPP included with
the demonstration plan.
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Collection and Analysis of Groundwater Samples: Prior to sampling, all groundwater sampling
points were gauged to determine whether groundwater had infiltrated the well and to measure the
static water level. Temporary piezometers with groundwater infiltration were then pumped using
a low-flow peristaltic pump until i) more than three casing volumes of water had been removed
from the sample point, ii) clear water (free of silt) was obtained, or iii) the sample point was
pumped dry. If the sample point was pumped dry, the point was allowed to recharge prior to
sampling within 24 hours. Groundwater was collected using the peristaltic pump, placed in
method-specific containers, placed on ice, and shipped to an environmental laboratory under
chain-of-custody control for the analysis of VOCs using USEPA Method SW846 8260B.
Duplicate samples were collected at the greater frequency of one per event or one per every ten
samples. During the sampling event, physical properties such as temperature, specific
conductance, and pH were measured if there was sufficient sample volume. The number of
samples collected for each demonstration is provided in Table 5.1.1 and the analytical methods
are provided in Table 5.6.1 above.

Collection and Analysis of Soil Gas Samples: Soil gas samples were collected from 1/8-inch or
Ya-inch Nylaflow sample point. Gas samples were then collected in 1L Summa Canisters or 0.5-L
Tedlar bags using 60 mL gas-tight syringes, equipped with a 3-way valves. 1L Summa Canisters
were used at sites or sample points with higher permeability soils that supported the collection of
larger sample volumes. 0.5-L Tedlar bags were used for sample points where soil conditions
limited the sample collection volume. During soil gas sampling, sulfur hexafluoride (SF¢) gas
was released within a shroud over each soil gas sampling point. SF¢ was used as a tracer gas to
determine if any leaks were present in the sampling point. The sample containers were then
shipped within 24 hours to Columbia Analytical Services, Inc. under chain-of-custody control.
Samples collected into Tedlar bags were analyzed within 48 hours of sample collection. Soil gas
samples were analyzed for: i) VOCs by Method TO-15 Modified, and ii) SF¢ by National
Institute for Occupational Safety and Health (NIOSH) Method 6602 Modified. The number of
samples collected for each demonstration is provided in Table 5.1.1 and the analytical methods
are provided in Table 5.6.1 above. The sample train used for sample collection is illustrated
below in Figure 5.6.1.
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Figure 5.6.1: Collection of Soil Gas Samples for Tier 2 Demonstration

5.6.2 Sampling Methods for Validation of Tier 3 Evaluation Procedure

Validation of the Tier 3 evaluation procedure involved collection and analysis of indoor air,
ambient air, and sub-slab soil gas samples under negative pressure and positive pressure building
conditions.

Induction of Negative and Positive Building Pressure: Negative and positive building pressures
were created using a box fan in an outside window or door. The resulting pressure gradients
were recorded as described in Section 5.5. Negative and positive pressure conditions were
maintained for 12 hours prior to initiation of sample collection to allow the chemical
concentrations to reach steady state.

Measurement of Building Air Exchange Rate: For 7 of the 8 demonstrations, a tracer gas, SFg,
was used to evaluate the indoor air exchange rate (i.e., the rate of air exchange between the
building and ambient air). The indoor air exchange rate was measured by releasing SFg at a
central location within the building and measuring steady-state SF¢ concentration at each indoor
air sample location after 12 or more hours. The SFg release system is shown in Photo 5.6.1. At
Tinker AFB Building 200, no tracer gas was used due to an error in obtaining the correct gas. In
all buildings, the volume of air flow induced by the fan was calculated in order to provide an
estimate of air exchange attributable to the pressure control system.
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Photo 5.6.1: SF¢ Tracer Gas Release System

Collection and Analysis of Indoor and Ambient Air Samples: At each test building, indoor air
samples were collected at three locations. At each location, a 6L Summa canister was used to
collect an 8-hour composite sample for analysis of VOCs and SFs. A Tedlar bag was used to
collect a grab sample for radon analysis. This sampling program was completed once during the
negative pressure event and once during the positive pressure event.

At each test building, an ambient air sample was collected outside of the test building during
each indoor air sampling event to serve as an ambient background sample. One sample 8-hour
composite was collected for analysis of VOCs and SF¢ using a 6. Summa canister, and one grab
sample was collected using a Tedlar bag for radon analysis.

At the ASU Research House, a HAPSITE portable GC/MS was used to collect and analyze
supplemental indoor air samples. For this demonstration, 126 supplemental indoor air samples
were collected from indoor air sample location IA-2 and analyzed for TCE and 1,1-DCE.

Collection and Analysis of Sub-Slab Gas Samples: At each test building, each of the three sub-
slab sampling points was sampled during the two sampling events (i.e., negative building
pressure and positive building pressure). At each location, a 1L Summa canister was used to
collect a grab sample for analysis of VOCs and SFs. A Tedlar bag was used to collect a grab
sample for radon analysis. The number of samples collected for each demonstration is provided
in Table 5.1.2 and the analytical methods are provided in Table 5.6.1 above. The sample train
used for sample collection is illustrated below in Figure 5.6.2.
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Figure 5.6.2: Collection of Indoor and Sub-slab Samples for Tier 3 Demonstration
5.7 SAMPLING RESULTS

Comprehensive sampling results for each site included in the Tier 2 and Tier 3 demonstrations
are provided in Appendix A. Original laboratory reports are provided in Appendix D. The
results are summarized in this section in sufficient detail to support the performance assessment
presented in Section 6.

5.7.1 Validation of Tier 2 Screening Criteria and Procedures

As discussed in Section 6.1, the Tier 2 demonstration was completed at seven sites. The
demonstration was planned but not completed at an eighth site due to unexpectedly shallow
groundwater.

As discussed in Section 5.4.1, three clusters of five vertically-spaced temporary piezometers and
five vertically-spaced soil gas sampling points were installed at each demonstration site. The
goal was to install the middle piezometer at the top of the water-bearing unit so that three
piezometers would have water and two would be completed in the vadose zone. Recognizing the
difficulty in identifying the exact depth of the top of the water-bearing zone, the program was
designed to ensure that a minimum of two and a maximum of four piezometers were completed
within the water-bearing zone. The deepest two soil gas points were installed at the same depth
as the shallowest two piezometers (see Figure 5.1.1) and the three shallower soil gas points were
installed at shallower depths using 1 to 2 ft vertical spacing.

Water samples were collected from all piezometers that yielded water and field soil permeability
tests were conducted at all piezometers that did not yield water. Soil gas samples were collected
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from all soil gas points that did not yield water during attempted sample collection. The
resulting sampling program for each demonstration site is summarized in Table 5.7.1.

Table 5.7.1: Summary of Sampling Program for Each Tier 2 Demonstration Site

. : Soil Cores for
Groundwater FicldiSoil Analysis of
Site Soil Gas Samples Permeability ye
Samples Physical
Tests :
Properties

Pioneer Cleaners 12 9 3 13
Travis AFB 9 15 6 11
Tinker AFB 10 10 4 8
SPAWAR OTC 9 12 5 14
NIKE Site 8 12 6 11
Hill AFB 9 15 6 15
SE Texas
Industrial Site 8 15 7 13

5.7.2 Validation of Streamlined Tier 3 Evaluation Procedures

As discussed in Section 6.3, the Tier 3 demonstration was completed in six buildings. The scope
of each demonstration is summarized in Table 5.7.2. In four buildings, testing was conducted
under controlled negative and positive pressure conditions. For the remaining two buildings,
testing was conducted under baseline (i.e., uncontrolled pressure) and controlled negative and
positive pressure conditions. In accordance with the Demonstration Plan Addendum, the testing
in the last two buildings was conducted twice in order to evaluate the reproducibility of the
method.

Table 5.7.2: Summary of Testing Program at Each Tier 3 Demonstration Site

Demonstration Building Pressure Conditions Tested lember of
Testing Events
oo . Controlled Negative Pressure
Building 828, Travis AFB Controlled Positive Pressure One
o . Controlled Negative Pressure
Building 103, Jacksonville NAS Controlled Positive Pressure One
. . Controlled Negative Pressure
Parris Island New Dry Cleaner Facility Conirolled Positive Pressure One
Building 102, Tinker AFB Controlled Negative Pressure One

Controlled Positive Pressure

Baseline (i.e., Uncontrolled Pressure)
ASU Research House, Hill AFB Controlled Negative Pressure Two
Controlled Positive Pressure

Baseline (i.e., Uncontrolled Pressure)
Building 107, Moffett Field Controlled Negative Pressure Two
Controlled Positive Pressure

5.7.2.1 Air Exchange Rate: For each demonstration building, the air exchange rate was
determined based on the SFg¢ release rate and the concentration of SF¢ measured in indoor air.
No indoor air tracer was used for the Tinker AFB demonstration due to an error in obtaining the

Final Report: Proposed Tier 2 Screening Version 3 — July 2012
Criteria and Tier 3 Field Procedures for ER-200707
Evaluation of Vapor Intrusion

43




correct tracer gas. As a result, air exchange rates could not be calculated for this building.
Calculation methods are provided in Appendix B and the results are summarized in Table 5.7.3.

Table 5.7.3: Building Air Exchange Rates (day'l)

Demonstration Building Baseline 1;:5;2:2 lflf:essist:;i
Building 828, Travis AFB NM 49 day™ 80 day™
Building 103, Jacksonville NAS NM 15 day™ 14 day™
Parris Island New Dry Cleaner Facility NM 35 day™ 32 day™
Building 102, Tinker AFB NM NM NM
ASU Research House, Hill AFB (Round 1) 2.4 day 20 day™ 14 day™
ASU Research House, Hill AFB (Round 2) 4.3 day™ 29 day™ 26 day™
Building 107, Moffett Field (Round 1) 10 day” 62 day™ 42 day’
Building 107, Moffett Field (Round 2) 8.2 day” 48 day’ 51 day™

NM = Not measured, tracer gas not available.

The air exchange rate under controlled pressure conditions (either negative or positive) was 5 to
7 times higher than baseline conditions where measured (see Table 5.7.3).

For the demonstrations, air exchange rates were comparable between the negative pressure test
condition and the positive pressure test condition. The median change in air exchange between
the two controlled pressure conditions was 16% and the maximum change was 63% for Travis
AFB Building 838).

For a building where the air exchange is higher under the positive pressure condition compare to
the negative pressure condition, a decrease in VOC concentration during the positive pressure
condition could be attributable to either 1) the increased air exchange rate, or ii) the suppression
of vapor intrusion by the positive pressure condition. The air exchange rate was higher under
positive pressure conditions for only two of the demonstrations: Travis AFB Building 838 (63%
increase) and Moffett Field Building 107 (6% increase). For Travis AFB Building 838, the air
exchange rate increased by 63% between the negative pressure and positive pressure
measurement events. If the change in air exchange rate were the only factor affecting the change
in VOC concentration then the expected concentration under positive pressure conditions would
be as follows:

Predicted C,, = Measured Cy, x (AER,,,/AER;)

Where:

Predicted C,, = Predicted chemical concentration under positive pressure conditions
Measured C,, = Measured chemical concentration under negative pressure conditions
AER;, = Air exchange rate under positive pressure conditions

AER,, = Air exchange rate under negative pressure conditions
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Table 5.7.4: Predicted vs. Measured Chemical Concentrations at Building 828
Under Positive Pressure Conditions

Chemical Measured C,, Predicted C,, Measured C,
TCE 0.15 +/- 0.081 pg/m’ 0.092 pg/m’ <0.036 +/- 0.003 pg/m’
Radon 0.67 +/- 0.058 pCi/L 0.41 pCi/L 0.27 +/- 0.058 pCi/L

* = predicted concentration is the change if the air exchange rate were the only factor affecting concentration. Note: This calculation does not
apply to VOCs with exclusively ambient sources (i.e., benzene and toluene)

The analysis summarized in Table 5.7.4 above indicates that the change in air exchange rates
was not the primary cause of the change in chemical concentration in indoor air between the two
sample events.

Taken as a whole, the evaluation of building air exchange rate under controlled negative and
positive conditions indicates that differences in air exchange rate are typically not a significant
contributor to changes in VOC concentrations measured in indoor air between the two controlled
pressure conditions.

5.7.2.2 Chemical Concentrations: For each demonstration building, chemical concentrations
were measured at sub-slab sample points (three locations), indoor air (three locations), and
ambient air (one location). The measured concentrations are summarized in Table 5.7.5. In
addition, the results of supplemental sampling and analysis conducted at the ASU Research
House using the field portable HAPSITE GC/MS are provided in Appendix A.6.
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Table 5.7.5: Chemical Concentrations in Demonstration Buildings

Baseline Pressure Negative Pressure Positive Pressure
Sub-slab  Indoor Air Amb-lent Sub-slab Indoor Air Amb.lent Sub-slab Indoor Air Amb-lent
Air Air Air
Building 828, Travis AFB
Benzene Above 0.43 +/- <0.41+/- 0.54 +/-
(ug/m3) ground NM NM NM 0.036 0.60 +/-0.11 0.70 0.006 0061 0.50
Toluene Above <2.03 +/- <2.03 +/-
(ug/m’) around NM NM NM 0.058 1.23 +/-0.37 1.30 0.058 0.77 +/-0.14 0.53
SF (ug/m’) Above NM NM NM <OTSH- 17 <89 | 10244072 56442 <9.1
ground 0.13

TCE (ug/m®)  Subsurface NM NM NM 117 +/- 123 061 (5);1/ T <0038 | 1.07+-1.15 ° 06003063” T <0.037

. 0.67 +/- 0.27 +/-
Radon (pCi/L)  Subsurface NM NM NM 978 +/- 248 0.058 0.4 971 +/- 140 0058 0.3
Building 103, Jacksonville NAS
Benzene Above 0.57 +/- 0.73 +/-
(ug/m’) around NM NM NM <23 +/-12 0.021 0.63 <22+/-11 ~0.015 0.56
Toluene Above NM NM NM | <115+-57 322+-055 210 | <109+-56 4.23+- 1.4 1.50
(ug/m”) ground
SF, (ug/m’) ;23:13 NM NM NM 12+/-37 158 +/- 140 9.2 21+/-13 170 +/- 100 9.4
PCE (ug/m®)  Subsurface NM NM NM 19’97280“ T 1674-025  0.15 19’83%0” T 0744-020 014

3 3,050 +/- 0.38 +/- 2,633 +/-
TCE (ug/m’) Subsurface NM NM NM 1300 0.080 0.12 730 0.23 +/- 0.06 0.04
Radon (pCi/L)  Subsurface NM NM NM 142 +/-16  0.23 +/-0.15 0.1 134 +/- 38 0.1+/-0 0.1
Parris Island New Dry Cleaner Facility
Benzene Above 0.43 +/- 0.69 +/-
(ug/m’) around NM NM NM 20+/-1.2 0.023 0.46 0.75 +/-0.27 S0.015 0.84
Toluene Above NM NM NM 6.0+-39  10+/-46 1.6 23+-0.06 53 +-025 2.7
(ug/m”) ground
SFs (ug/m’) ‘;rg‘t’;z NM NM NM 71+-1.0 109 +/-57 <10 <64+-0  119+4/-57 <9.1
PCE (ug/m’) Subsurface* NM NM NM 153 +/- 56 21 +/-8.9 0.29 108 +/- 46 47 +/- 9.6 0.43

. 2,498 +/- 0.26 +/- 2,337 +/-
Radon (pCi/L)  Subsurface NM NM NM 190 0.046 0.11 230 0.38 +/-0.12 0.22
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Table 5.7.5: Chemical Concentrations in Demonstration Buildings (Continued)

Baseline Pressure Negative Pressure Positive Pressure
Sub-slab Indoor Air Amb.lent Sub-slab Indoor Air Amb.lent Sub-slab Indoor Air Amb-lent
Air Air Air
Building 102, Tinker AFB
Benzene Above NM NM NM 104-16  0.664-0.15 066 | 42446 040+ 0.56
(ug/m’) ground 0.008
Toluene Above 0.59 +/-
(i) eround NM NM NM 17+/-15  587+-07 8.5 9.2 +/-3.1 e 1.7
PCE (ug/m3) Subsurface NM NM NM 43 +/- 33 4.7 +/-2.8 59 26 +/- 32 0633 62/- 1.2
' — = 0063
Radon (pCi/L)  Subsurface NM NM NM 86 +/- 82 0.072 0.21 37 +/-57 0.026 0.27
ASU Research House, Hill AFB (Round 1)*
Benzene Above 0254 0484/-007 050 | 094+-063 045+-001 039 | 021 +-0.12 0.55+-0.07 0.54
(ug/m’) ground 0.12 N
Toluene Above 35T 50042040 150 | 2.044-172 140+-017 087 | 0.814/-046 2.47+-040  2.20
(ug/m’) ground 3.97 N
; Above 2,333 +- 8,900 +/- 1,113 +/- 1,227 +/- 1,595 +/-
SFewg/m)  ground 1,656 1,825 12 |63 Pias 98 48 1419 <12
; 5.40 +/- 0.04 +/-
DCE (ug/m®)  Subsurface 018 0.13+/-0.02  <0.04 | 169+/-132 6.10+-524  <0.04 | 6.52+/-9.95 0.003 <0.05
TCE (ug/m’)  Subsurface “8";;/ T 680+/-044 021 | 2204/-182 980+-730 012 | 6.90+/-442 033+-022 0.3
Radon (pCi/L) Subsurface 252+/-364 039 +/-0.06  0.48 261 +/-313  244+/-149  0.18 211 +/-337  0.03+/-0.06 0.09
ASU Research House, Hill AFB (Round 2)*
Benzene Above 0394 0464002 039 | 074+-010 046+-002 042 | 045+-0.11 057+-002 057
(ug/m®) ground 0.03 Lot ol el
Toluene Above 2704 4 084/-241 390 | 5424/-570 3.074-1.19 190 | 2.53+/-1.01 227 +-045 18
(ug/m”) ground 0.98 ]
SFs (ug/m’) Above 50 1) gpy 92004~ <88 | 5334579 780 +/-710 12 990 +/- 615 867 +/- 810 11
ground 1253 -
DCE (ug/m®)  Subsurface 4';81 3+/ T 0024001  <0.04 | 231+/-188 623 +/-441  <0.04 | 7.54+/-108 <0.04
TCE (ug/m®)  Subsurface 103'35;/ T 1884333 0.17 268 +/-225 947+-607  0.15 | 9.60+/-3.03 0.06
Radon (pCi/L) Subsurface 184 +/-234 038 +/-0.14  0.10 2074/-179 1.87+-199  0.03 168 +-262  0.09 +-0.07 0.07
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Table 5.7.5: Chemical Concentrations in Demonstration Buildings (Continued)

Baseline Pressure

Negative Pressure

Positive Pressure

Sub-slab Indoor Air Amb.lent Sub-slab Indoor Air Amb.lent Sub-slab Indoor Air Amb.lent
Air Air Air
Building 107, Moffett Field (Round 1)
Benzene Above 1254 0454001 046 | 422+/-385 026+-002 027 | 2.51+/-2.67 049+-019  0.40
(ug/m’) ground 16.3 —_—
Toluene Above 23.04- 8347031 2.10 13.84+/-9.89 129+/-042 340 |8.15+-6.86 5.13+/-516  1.60
(ug/m”) ground 24.0 =
; Above 39.7 +/- 1,600 +/- )

SFs (ug/m’) eround 8.0 200 <9.1 53.0+/-38.9 257+/-120  <9.1 234+/-183 387 +/-49 <11
PCE (ug/m’)  Subsurface 3'(1)54;/ T 1.90+/-026 0.08 248+4/-155 157+-031 005 |2.15+/-134 010+-003  0.06
TCE (ug/m®)  Subsurface 1'?2? T 29344032 0.05 2.15+/-1.58 2.33+/-0.42 <0.04 | 1.55+/-092 0.09+/-0.04  0.05
Radon (pCi/L)  Subsurface 406 +/- 210 0.65 +/- 0.09 0.12 333+/-259  046+/-020  0.03 250 +-312 0.06+/-0.11  0.05
Building 107, Moffett Field (Round 2)
Benzene Above 1.37 +/-

: 1.12 +/- 0.03 1.10 1.06+/-0.83 1.57+-0.12 150 | 1.03+-041 1.53+/-0.06 1.4
(ug/m”) ground 1.19 =
Toluene Above 420 40042030 350 | 3724-191 9.574-492 940 | 410+-0.66 8.50+-0.10  10.0
(ug/m”) ground 2.69

; Above 1,200 +/- 3,300 +/- ]

SFs (ug/m’) eround 954 265 18 118 +/-70.9 563 +/- 237 16 470 +/- 341 530 +/- 450 18
PCE (ug/m®)  Subsurface 2'(1)21;” T 28344012 012 | 3164264 200+-056 021 | 1.63+/-137 042+/-002  0.89
TCE (ug/m®)  Subsurface 2'?113/ T 4954/-022 0.08 1.85+/-068 313+-091 012 | 1.15+-101 012+/-0.02  0.09
Radon (pCi/L)  Subsurface 297 +/-279  1.00 +/- 0.05 0.18 374+/-226  0.62+-0.16 026 3574/-342  030+/-0.10 033

Note: Results shown are the average +/- standard deviation from 3 sub-slab and indoor air locations. Detection limit substituted for non-detect results. Duplicates averaged. Hill and Moffett Round 1
radon results are from the RAD7 portable radon detector. All other results are from laboratory analysis. Bold, underlined, italic = statistically significant change compared to prior pressure condition

based on paired t-test (See Table 6.3.1).

* = Indoor air concentration does not include additional sampling and analysis conducted at indoor air sample location IA-2 using the portable HAPSITE GC/MS. Analytical results for this

supplemental sampling are provided in Appendix A.6.
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5.7.2.3 Cross-Foundation Pressure Gradients: For each demonstration building, foundation
permeability was evaluated by comparing the cross-foundation pressure gradient to the pressure
gradient across the building envelope (Table 5.7.6). In order to support an evaluation of the
correlation between foundation permeability and vapor intrusion, the foundation permeability for
each building was classified as high, medium, or low as described in the Table 5.7.6 footnotes.

Table 5.7.6: Average Pressure Gradients during Tier 3 Demonstrations

Average Pressure Gradient (Pa)" Foundation
Site Cross-Building ] Permeability
Envelope Cross-Foundation Classification’
. NP: -2.9 NP: -0.15 (5%) .
Travis AFB PP: +2.4 PP: +0.002 (<1%) High
. NP: -0.15 NP: +0.05 (-33%) .
Jacksonville NAS PP- 419 PP: -0.005 (<-1%) High
. NP: -3.9 NP: +0.10 (-3%) .
Parris Island PP: -2.0 PP: +0.53 (-27%) High
. NP: -15.2 NP: -4.5 (30%) .
Tinker AFB PP +11.1 PP: 2.0 (18%) Medium (Low)
BL: NM BL: +0.91
Hill AFB (Round 1) NP: NM NP: -2.0
PP: NM PP: +2.8
Low
BL: +0.87 BL: +0.35 (40%)
Hill AFB (Round 2) NP: -5.2 NP: -2.1 (41%)
PP: +3.9 PP: +2.6 (66%)
BL: -0.49 BL: -0.19 (39%)
Moffett Field (Round 1) NP: --2.3 NP: -1.5 (66%)
PP: +1.1 PP: +0.45 (39%) L
BL: -0.84 BL: -0.24 (29%) oW
Moffett Field (Round 2) NP: -2.5 NP: -1.2 (50%)
PP: +1.0 PP: +0.46 (45%)

Note: 1) Average pressure gradient is average of readings automatically recorded every 5 to 15 minutes during period of induced pressure control.
Negative value indicates that pressure inside building is lower than outside building. Detailed pressure measurement results are provided in
Appendix A. BL = baseline pressure test condition, NP = negative pressure test condition, PP = Positive pressure test condition.

2) Foundation permeability classified based on comparison of cross-foundation gradient to cross-building envelope gradient. High = cross-
foundation <10% cross-envelope, Medium = cross-foundation is 10-40% of cross-envelope, Low = cross-foundation >40% cross-envelope. For
the “Medium” permeability sites, the secondary classification is Low = cross-foundation >40% cross-envelope.

5.7.2.4 Magnitude of Vapor Intrusion: The magnitude of vapor intrusion in each building was
evaluated based on the sub-slab to indoor air attenuation factor corrected for the contribution of
ambient (outdoor) sources:

Ca—C
AFg 1n = IAcss *
Where:
AFssia = Sub-slab to indoor air attenuation factor (unitless)
Cia= Average COC concentration in indoor air (ug/m®)
Car= Average COC concentration in ambient air (ug/m")
Css = Average COC concentration in sub-slab (pg/m’)

Attenuation factors were not calculated when the COC concentration in ambient air was higher
than the COC concentration in indoor air. The results of the attenuation factor calculations are
presented in Table 5.7.7. The statistical uncertainty associated with the attenuation factor was
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determined by combining the standard deviation associated with each average concentration
value as follows:

Adding or Subtracting: When adding or subtracting means of measurements, the associated
standard deviations are summed as follows:

_ 2 2
0, =40, + 0,

Multiplying or Dividing: When multiplying or dividing means of measurements, the standard
deviations are combined as follows:

O'j o'z2

O, =X4|—+—
X 2 2
y YA

A higher attenuation factor (i.e., closer to 1) indicates more vapor intrusion. In order to evaluate
the correlation between foundation permeability and vapor intrusion, each building was assigned
a preliminary classification as a high, medium, or low vapor intrusion building based on the
observed attenuation factors. The radon attenuation factor under negative building pressure
conditions was used to make the vapor intrusion classification because i) vapor intrusion was
expected under negative pressure conditions, but not positive pressure conditions, and ii) the
radon attenuation factor is not confounded by potential indoor sources. The building-specific
vapor intrusion classifications are summarized in Table 5.7.7.
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Table 5.7.7: Attenuation Factors Measured for Chemicals with Subsurface Sources

Chemical Attenuation Factor Magnitude of Vapor
Negative Pressure | Positive Pressure Intrusion®

Building 828, Travis AFB
TCE 0.097 +/- 0.12 NA
Radon 30x 107 +-41x10° NA Low
Building 103, Jacksonville NAS
PCE 7.7x10°+/-3.8x 10° 3.1x10°+/-1.6x 10°
TCE 8.4x10”°+/-4.0x 107 7.1x10°+/-29x 10" Medium (High)
Radon 93x 10*+/-6.2x 10" 1.0x 10" +/-2.9x 107
Parris Island New Dry Cleaner Facility
PCE 0.15 +/- 0.094 0.43 +/- 0.20
Radon 6.0x 10°+/- 1.2x 10° 6.8x 10°+/-23x 10° Low
Building 102, Tinker AFB
PCE NA NA
Radon 46x 107 +-46x10" NA Low
ASU Research House, Hill AFB (Round 1)
1,1-DCE 0.036 +/- 0.042 NA
TCE 0.044 +/- 0.049 0.029 +/- 0.027 High
Radon 8.6x 107 +/-1.2x 107 NA
ASU Research House, Hill AFB (Round 2)
1,1-DCE 0.027 +/- 0.029 44x10%+/-63x 10"
TCE 0.047 +/- 0.070 8.6x10° +/-3.4x107 High
Radon 8.4x10°+/-1.1x107 13x10%+/-2.1x 10"
Building 107, Moffett Field (Round 1)
TCE 1.1 +/-0.81 0.025 +/- 0.019
PCE 0.61 +/- 0.40 0.017 +/- 0.012 Medium (High)
Radon 1.2x10° +/-1.1x 107 53x10°+/-1.1x 10™
Building 107, Moffett Field (Round 2)
TCE 4.6 +/-3.4 1.1+-12
PCE 1.6 +/- 0.76 0.024 +/- 0.022 Medium (High)
Radon 99x 10*+/-7.1x 10" NA

NA = Not applicable, concentration in ambient air greater than concentration in indoor air.
* = Magnitude of vapor intrusion based on the radon attenuation factor (AF) during the negative pressure condition. High = Radon AF > 5 x 107,
Medium = Radon AF between 5 x 10° and 5 x 10, Low = Radon AF < 5 x 10®. For the “Medium” vapor intrusion sites, the secondary
classification is High = Radon AF > 5 x 10™.
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6.0 PERFORMANCE ASSESSMENT

A summary of all data analysis in support of the assessment of performance objectives is
provided in this section.

6.1 COLLECTION OF DATA REPRESENTATIVE OF SITE CONDITIONS

The collection of site data that is representative of actual site conditions has been achieved by
adhering to the sampling and analysis procedures specified in Section 5.  Quality
assurance/quality control (QA/QC) samples have been collected to allow for the evaluation of
data precision, accuracy, completeness, representativeness, and comparability.

6.1.1 Data Quality Review

As specified in the demonstration plan, we have reviewed the analytical results for groundwater,
soil gas, sub-slab vapor, indoor air, and ambient air samples, as well as soil geotechnical
samples, to evaluate data usability. The data were screened based on 1) sampling procedures, ii)
custody procedures, iii) precision assessment, iv) accuracy assessment, v) soil properties, and vi)
completeness.

6.1.1.1 Sampling Procedures: Groundwater, vapor and soil samples submitted for laboratory
analysis were collected in accordance with Standard Operating Procedures (SOPs) routinely
utilized by GSI or sample collection methods validated during previous field programs, as
detailed in the Quality Assurance Project Plan (Appendix D of the Demonstration Plan). During
the field programs covered by this report, the following deviations from planned procedures
occurred:

e Soil gas samples from sampling points screened in low permeability soils were collected
into Tedlar bags instead of Summa canisters because this sampling procedure allowed
collection of smaller sample volumes.

e At the Former Pioneer Cleaners site, soil gas samples were not analyzed for SFe (the leak
tracer) due to an instrument failure at the laboratory selected for analysis of these samples
(SPL, Houston, Texas).

e At Tinker AFB, the indoor air tracer gas (SF¢) was not used because the gas cylinder was
ordered from the supplier but the correct cylinder could not be obtained in time for the
demonstration.

e At Parris Island Marine Base, a Tier 2 evaluation was planned but not completed because
groundwater was observed at less than 5 ft bgs.

e At Moffett Field, volatile organic carbons by USEPA Method TO-15 could not be
analyzed from the Subslab-1 sample from baseline conditions on 10/29/2010 because of a
Summa canister valve malfunction. TO-15 analysis also could not be conducted on the
Subslab-2 sample from the positive pressure condition on 10/31/2010 because of debris
in the threads of the canister valve.

e The Tier 3 evaluation was conducted twice in a row at Hill AFB (ASU House) and at
Moffett Field. Sub-slab radon was measured with a RAD7 portable radon detector
(Durridge Company, Billercia, MA) during both rounds of sampling at each site. Sub-

Final Report: Proposed Tier 2 Screening Version 3 — July 2012
Criteria and Tier 3 Field Procedures for ER-200707
Evaluation of Vapor Intrusion

52



slab samples were collected in Tedlar bags for radon laboratory analysis only during the
second round of sampling. Indoor and ambient air samples were collected in Tedlar bags
for radon analysis during both rounds of sampling at each site.

e Helium (rather than SF¢) was used as the leak check compound for the Tier 2
demonstrations at the Hill AFB, SPAWAR OTC, NIKE, and Southeast Texas Industrial
sites. Helium and SFg are equally good leak check compounds.

Evaluation of Leakage during Collection of Soil Gas Samples: At the Tier 2 demonstration sites,
entrainment of atmospheric air during the collection of soil gas samples was evaluated using SFg
or helium as a leak tracer. The sample train is illustrated in Figure 5.6.1. SF¢ was used at the
Former Pioneer Cleaners, Tra